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THE IDENTITY OF YEASTS IN THE SURFACE FLORA 
OF PACKAGED FRANKFURTERS * 
SUZANNE DEWEES DRAKE, JAMES B. EVANS, ano C. F. NIVEN, JR. 


Division of Bacteriology, American Meat Institute 
Foundation, The University of Chicago, Chicago, Illinois 


(Manuscript received August 12, 1958) 


In the study of the microbial flora of commercially packaged frankfurters 
(5) yeasts were frequently encountered although the isolation medium was 


not one which would selectively favor yeasts. 22% of all isolates were yeasts 
and these were isolated from 56% of all samples. 

Cured meats have long been known to harbor yeasts of the genus 
Debaryomyces. Cesari (2) and Cesari and Guilliermond (3) in 1919 and 
1920 described but did not name yeasts from slimy sausages. Seven of their 
strains were later identified by Lodder and Kreger-Van Rij (7), 5 were 
Debaryomyces hansenii and two were Debaryomyces kloeckeri. In 1938 Mrak 
and Bonar (8) described yeasts from slimy wiener sausages, which they 
identified as Debaryomyces guilliermondii var. nova seelandicus. This is 
classified as D. hansenu by Lodder and Kreger-Van Rij. Costilow, Etchells 
and Blumer (4), in 1954, described 89 yeasts from commercial meat brines 
(70 from surface films and 19 from subsurface samples). Three were 
D. kloeckeri and 86 were Debaryomyces membranaefaciens var. hollandicus. 
The latter strains assimilate lactose and would be classified as D. hansenii by 
Lodder and Kreger-Van Rij. Ogilvy and Ayres (9) found yeasts to be 
common on frankfurters, but they did not identify any of their isolates. 
Wickerham, in 1957 (12), reported the occurrence of nitrite-assimilating 
Debaryomyces in 9 out of 10 samples of lunch meats 


EXPERIMENTAL METHODS 


The isolation procedure has been described previously (5). The isolates were maintained 
in MY broth (6). 

The methods described by Wickerham (17) were used for determining sporula- 
tion, morphology, carbon and nitrate assimilation, fermentation, salt tolerance, gelatin 
liquefaction, growth temperatures, and starch production. Lipolytic ability and litmus 
milk reactions were determined as described by Lodder and Kreger-Van Rij (7). 

Carbon and nitrate assimilation were also determined using an agar plate method 
described by Benham (1). Yeast carbon base (Difco) or yeast nitrogen base (Difco) and 
special agar, Noble (Difco), plus the required amount of carbon source or nitrogen source 
were used. The sugars were autoclaved separately and added aseptically before pouring the 
plates. The carbon base, nitrogen base, ard nitrate were Seitz filtered and added to the 
sterile agar before pouring the plates. The plates were streaked from 3-day cultures of the 
yeasts in the yeast carbon base or yeast nitrogen base. The basal agar medium was also 
streaked for comparative purposes 

All identifications were made according to Lodder and Kreger-Van Rij (7) 


“Journal Paper No. 165, American Meat Institute Foundation. This paper reports 
research undertaken in cooperation with the Quartermaster Food and Container Institute 
for the Armed Forces, QM Research and Engineering Command, U. S. Army, and has been 
assigned No. 937 in the series of papers approved for publication 


243 





SUZANNE D. DRAKE, JAMES B. EVANS, C. F. NIVEN, JR. 


RESULTS AND DISCUSSION 


Of the 78 strains of yeasts which were isolated from 8 brands of frank- 
furters, 22 were picked randomly for identification. Seven strains which were 
isolated from frankfurters which had received radiation doses of 0.2-0.5 
megarads were also identified. The identity of these 29 isolates is sum- 
marized in Table 1. 


TABLE 1 
Identity of yeast strains isolated from the surface of packaged frankfurters 








é = No. of 
Identification strains 





Debaryomyces kloeckeri 
Debaryomyces hansenii 
Debaryomyces subglobosus 
Debaryomyces nicotianae 
Candida lipolytica 

Candida zeylanoides 
Candida catenulata 
EGE Sisk 'n skihs base + biloris d Demag eee eR Pe Reese ees ss Cheb ee4 
Torulopsis candida 
Torulopsis gropengiesseri 
Trichosporon pullulans 


NK NWNHNDHDH WWwWN 








Members of the genus Debaryomyces were most common. They rep- 
resented 4 of the 5 species recognized by Lodder and Kreger-Van Rij. The 
main difference between these 4 species is in the presence or absence of 
rapid pellicle formation and in lactose assimilation. All except D. subglobosus 


have been described previously as occurring on cured meats. Only one 
Debaryomyces, a strain of D. subglobosus, was isolated from irradiated 
frankfurters. 

Torulopsis species have not been described previously as meat spoilage 
organisms and they were not encountered frequently in this study. One of the 
2 T. candida was from irradiated frankfurters. 

Candida strains have been isolated from fresh meats by Scott (10) but 
there is no reference to their occurrence on cured meats. The 3 strains 
designated in Table 1 as Candida species did not appear to belong to any 
of the species described by Lodder and Kreger-Van Rij (7).A_ pellicle 
was rapidly formed in broth cultures. The cells were fairly large and round 
to oval. A small to moderate amount of pseudomycelium of the Candida 
type was produced. Giant cells were present. No sporulation was observed. 
Nitrate was not assimilated. Glucose, sucrose, and maltose were fermented. 
Maltose was very weakly fermented. Lactose and raffinose were not 
fermented. Glucose, galactose, maltose, and sucrose were assimilated and 
lactose was not. Good growth occurred and a pellicle was formed with 
ethanol as the sole carbon source. Four of the 9 Candida were from 
irradiated samples, including both C. catenulata, 1 C. zeylanoides, and 1 C. sp. 

The stock cultures of the two strains of Trichosporon pullulans dis- 
sociated. One showed two colony types and the other three. These were 
reisolated and their characteristics compared with the original types. The 
dissociates differed from the parent strains in that the colony was “rougher” 
and somewhat more mycelium was formed. One sub-strain had lost the 
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ability to liquefy gelatin and to peptonize litmus milk. In all other respects 
they were identical to the parent strains. One of these 7. pullulans strains 
was isolated from irradiated frankfurters. 

The determination of nitrate assimilation using Benham’s plate method 
agreed 100 % with Wickerham’s tube method and had the advantage of being 
much faster. 

Use of this method to determine sugar assimilation was also successful. 
In all cases when there was growth on the agar plate there was growth in 
the liquid medium. However, in some cases where the growth in the broth 
was late or quite weak, there was no growth on the plate. The plate method 
therefore could be used routinely only if the negative results were checked 
by using the liquid medium. 

Yeasts of the genus Debaryomyces are unable to utilize nitrate as their 
sole source of nitrogen. Wickerham (12) described yeasts of this genus which 
were isolated from lunch meats that could utilize nitrite as their nitrogen 
source. All of the strains of yeasts in this study which were nitrate 
negative were tested for this property. Both of the strains of Torulopsis 
candida utilized nitrite and none of the Candida strains did. Some, but not 
all, of the strains of Debaryomyces had this ability, as may be seen in Table 2. 


TABLE 2 
Nitrite utilization by yeast strains from frankfurters } 








No. that 
use nitrite 


, 2 No. of strains 
Yeast species pce 





NI 


Debaryomyces kk ekeri 
Debaryomyces hansenii 
Debaryomyces subglobosus 
Debaryomyces nicotianae 
Torulopsis candida 


Torulopsis gropengiesseri 


4 
l 
] 
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1 None of these strains were able to utilize nitrate 
2 The 9 strains of Candida listed in Table 1 were unable to 
strains of Trichosporon utilized both of these nitrogen sources 


Seitz filtered KNO, was added to yeast nitrogen base (Difco) to give a 
final concentration of 0.059 or 0.005%. All of the yeasts were transferred 
again in this medium. Agar plates of the same medium were also streaked. 
The same results were obtained in all cases. The nitrite negative yeasts did 
not utilize this as a nitrogen source even after 32 days of incubation in media 
with a pH from 4.8 to 6.5. Heavy growth rapidly occurred in the medium 
with 0.05% KNOgz within 3 days with the yeasts which utilized nitrite. This 
concentration definitely inhibited the other yeasts. 

All of these yeasts which were isolated from frankfurters are peculiarly 
adapted to growth on cured meats. All grew at temperatures down to at 
least 2° C. The strains of Debaryomyces and Torulopsis could grow in 
media containing 20% salt. The Candida culture tolerated 10-15% salt, and 
the Trichosporon pullulans strains tolerated 7.5% salt. Two species had 
marked lipolytic ability — Trichosporon pullulans and Candida lipolytica. 
The ability of certain strains to utilize nitrite also probably enhances their 
ability to grow on cured meats. Although few cultures were studied, it 
appears that irradiation eliminated Debaryomyces more readily than Candida. 
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SUMMARY 


Twenty-nine strains of yeasts isolated from frankfurters were identified. 
These were members of the genera Debaryomyces, Torulopsis, Candida, and 
Trichosporon. Half of the strains of Debaryomyces were able to utilize 
nitrite but not nitrate as their sole source of nitrogen. The two strains of 
Torulopsis candida were also able to utilize nitrite but not nitrate. 
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EFFECT OF ANTIBIOTICS ON THE THERMAL DEATH 
RATE OF SPORES OF FOOD SPOILAGE ORGANISMS 


C. B. DENNY anv C. W. BOHRER 
Research Laboratories, National Canners Association 
Washington, D. C. 


(Manuscript received August 9, 1958) 


The possibility of using antibiotics in the preservation of food has been 
under study by various workers for some years. Among the applications 
considered have been use in conjunction with mild heat for preservation 
in hermetic containers, as a surface treatment of perishable raw commodities, 
and to reduce the thermal resistance of spoilage bacteria. A review of the 
literature on the applications of antibiotics in food preservation has been 
presented elsewhere (1). The referenced review contained a section on the 
influence of antibiotics on the thermal resistance of spoilage bacteria. Since 
the review was published in 1955, other work (4) has been reported to 
show that certain of the food spoilage bacteria are appreciably less heat 
resistant when heated in the presence of antibiotics. 

The work reported in this paper, completed in 1953, was undertaken 
to evaluate several antibiotics that appeared to show promise. The thermal- 
death-time tube (2) approach to the antibiotic: heat resistance test has not 
been described in published papers so far as the authors are aware. The 
results of such an approach to the problem of heat-antibiotic synergism are 


reported herein. 


EXPERIMENTAL PROCEDURE 


Antibiotics tested were subtilin (Merck & Company, Inc.), tyrothricin, methylol 
gramicidin (S. B. Penick & Company), and rhatany root (also from S. B. Penick & Com- 
pany) prepared as an extract in the N.C.A. Laboratory. The concentration of the antibictic 
in the substrate was usually 20 p.p.m. This concentration was prepared on a weight basis 
except in the case of subtilin where a 100% activity basis was used. Subtilin stock suspension 
was prepared in distilled water; tyrothricin and methylol gramicidin were dissolved first in 
ethanol and subsequently added to water. Rhatany root extract, prepared as outlined in 
U. S. Patent No. 2,550,256, was dissolved in ethanol. Ethanol controls showed that the 
quantity of ethanol used was not inhibitory to the spoilage organisms on test 

Spoilage organisms tested were putrefactive anaerobe No. 3679 and Bacillus stearother 
mophilus (flat sour) No. 1518 of the N.C.A. Laboratories, (Table 1). The putrefactive 
anaerobe spore suspension was prepared by the method of Reed, Bohrer, and Cameron (5). 
The No. 1518 spore suspension was prepared by inoculating Kolle flasks of nutrient agar 
with a water suspension of one-day-old cultures of the microorganisms. After 72 hours 
growth at 131° F. (55° C.), the spore crop was harvested with sterile water and filtered 
through sterile cheesecloth. 

The substrates in which the antibiotic and spore suspension were heated were pea brine 
and corn brine obtained from cans of the respective products processed on a single day of 
a commercial pack. The pea brine had a pH of 6.0 and the corn brine a pH of 6.37 as 
determined by a Beckman glass electrode pH meter. The pea brine had a density of 8.4° 
Brix and the corn brine 10.7° Brix. Salt content was 0.65% for the peas and 0.85% for the 
corn. 

The heating method used for comparing spore destruction rates of the food spoilage 
organisms was that of Esty and Williams (2) using a constant temperature oil bath. Three 
temperature variables were used: 212°, 229.6°, and 240° F. Pyrex tubes of 7 mm. inside 
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TABLE 1 
Variables used in experimental tests 








Concentration Stetvite Temperature 
— of heating 


(° F.) 
No. 1518 Subtilin 20 Pea brine 212 
No. 1518 Subtilin 20 Pea brine 229.6 
No. 1518 Subtilir 20 Pea brine 240 
No. 1518 Methylol Gramicidin 20 Pea brine 240 
No. 1518 Rhatany Root Extract 20 Pea brine 240 
No. 1518 Tyrothricin 20 Pea brine 240 
No. 1518 Tyrothricin 5 Pea brine 240 
No. 1518 Tyrothricin 20 Corn brine 240 

S. No. 1518 Subtilin 20 Corn brine 240 

. No. 3679 Subtilin 20 Pea brine 229.6 
No. 3679 Methylol Gramicidin 20 Pea brine 229.6 
No. 3679 Rhatany Root Extract 20 Pea brine 229.6 
No. 3679 Tyrothricin 20 Pea brine 229.6 


1A control with no antibiotic material was included in each of the tests. 


Spore .. 1 
suspension Antibiotic (ppm) 

















et ee _ | 
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diameter were used in lengths of about 6 inches. The times for withdrawal of the tubes 
from the oil bath were set at 0, 5, 10, 15, 30, 60, 90, and 120 minute periods. Due allowance 
was made for heat penetration lag. 

The procedure for the thermal death rate tests was as follows: Spores were added 
to either corn or pea brine to give about 10,000,000 spores per milliliter. This high con- 
centration was used to permit spore recovery after the antibiotic was diluted below an 
inhibitory concentration. The spore-brine suspension was then divided into two equal portions. 
Concentrated antibiotic solution was added in amounts of less than 1 ml. to one of these 
portions. Each portion was pipetted into pyrex tubes in approximately 2 ml. amounts and 
the tubes were heat sealed. Three test tubes containing antibiotic and three control tubes 
were withdrawn at the completion of each heating time interval in the oil bath and 
immediately cooled. The contents of the respective tubes were composited, and dilutions 
of each test and control liquid were immediately made in sterile water. 

Putrefactive anaerobe No. 3679 was subcultured in deep agar shake tubes described 
by Miller, Garrett, and Prickett (3). The freshly exhausted medium * was of the following 


composition : 


grams 
gram 
grams 
gram 
grams 
gram 
gram 
grams 
liter 


Tryptone 

Dextrose 

KeH PQs, ... 

Yeast extract . 

3eef extract .... ati 
ae 
Sodium thioglycollate ..... 
Agar .. 

Water 

Subculture tubes were stratified with sterile vaseline and incubated at 85° F. for 3 weeks. 
However, since there was no significant increase in number of colonies developed after 5 
days and gas sometimes developed later, the spore counts reported are essentially those 
obtained at the end of a 5-day incubation period. 

The dilution counts on putrefactive anaerobe No. 3679 are averages of colony counts 
in tubes showing below 100 colonies per tube. The percent survivors were calculated from 
the respective zero counts of test and control dilutions. 

B. stearothermophilus No. 1518 spore dilutions were subcultured by plating one milliliter 
of each dilution in triplicate. The plating medium was Difco dextrose tryptone agar. In- 


Modoon 
un 


=n © = | ee ee 


* The pH of the medium was normally 7.2 and hence did not have to be adjusted. 
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cubation was at 131° F. for 3 days. Longer incubation in containers which prevented 
evaporation did not increase the counts. 

The dilution counts for flat sour No. 1518 are averages of colony counts on plates 
showing 30 to 300 colonies. Percent survivors were calculated from the zero sample 
count of the antibiotic-free material for both the control and the antibiotic test. Had 
this procedure not been used, the tests curves would very nearly approach the control 
curves. This procedure was used because it was noted that the mere addition of antibiotic 
lowered the spore count of this organism considerably, even though the antibiotic was 
subsequently diluted beyond the inhibitory point. 

In plotting results with both organisms, the log of percent survivors was plotted against 
the heating time in minutes. Variables in the experimental tests are listed in Table 1. 


RESULTS AND DISCUSSION 


The survivor curves plotted for putrefactive anaerobe No. 3679 spores 
heated in pea brine at 229.6° F. (110° C.) with and without 20 p.p.m. of 
each of the antibiotics are shown in Figure 1. The shaded area represents 





: ! 1 T 
© = with 20 ppm. Subtilin 
—_———— X = with 20 ppm. Rhatany root extract 
—-— -O-= with 20 ppm. Methylol Gramicidin 
+ & «= with 20 ppm, Tyrothricin 


= with no antibiotic (controls) 
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Figure 1. Survivor curves of Putrefactive Anaerobe No. 3679 in pea brine at 
229.6° F. with and without antibiotics. 


the upper and lower limits obtained in the four control tests. Subtilin was 
the most effective of the four antibiotics in increasing the destruction rate 
of putrefactive anaerobe No. 3679. However, at 0.1% survival a difference 
of only 5 minutes is noted between the subtilin and control. This slight 
advantage in destruction when interpreted in terms of required process 
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time at usual processing temperature of 240° F. would have no significant 
effect. The subtilin curve, even at the 120 minute point, parallels the control 
curves, and it is apparent that the distance between the limits of the four 
control tests is greater than the deviation of the subtilin curve from the lower 
limit of the control curve. One could consider the addition of the antibiotic 
advantageous in hastening spore destruction only if the subtilin curve had 
continued to recede downward from the control curves. It might be assumed 
that the action of subtilin in this case was diminished by the longer heating 
at the high temperature. It is apparent that the antibiotics in the concentra- 
tions tested had no striking effect in increasing the destruction of spores of 
putrefactive anaerobe No. 3679. 

The destruction rates plotted for B. stearothermophilus spores heated at 
240° F. (116° C.) in pea brine with and without 20 p.p.m. of each of the 
antibiotics are shown in Figure 2. It will be noted that the survivor curves 
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Figure 2. Survivor curves of Bacillus stearothermophilus No. 1518 in pea brine 
at 240° F. with and without antibiotics. 


representing antibiotic-containing substrates show a more rapid initial destruc 
tion rate than do the 4 control tests (shaded area). However, the survivor 
curve for subtilin very nearly approaches that of the controls. The survivor 
curves indicate that three of the antibiotics tested accelerated the rate of 
destruction of flat sour spores, with tyrothricin showing the most pronounced 
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effect. It is to be noted that the final spore recovery points plotted fo: 
the antibiotic tests represent survival of 1,000 or more spores. The dilution 
required to eliminate residual inhibitory effects precluded defining the curves 
beyond these points. 

Subtilin was tested at 212° F., and 229.6° F. as well as at 240° F. against 
“flat sour” organistn No. 1518. No significant difference in the thermal death 
rate in test and control experiments was found at the two lower temperatures. 
The antibiotic seems effective during the initial heating period and seems to 
lose its “killing” power during the later heating period. Potency tests have 
indicated that subtilin tends to lose some of its effect upon severe heating. 

The effect of reduced concentrations of tyrothricin is shown in Figure 3. 
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Figure 3. Survivor curves of Bacillus stearothermophilus No. 1518 in pea brine 
at 240° F. with different concentrations of Tyrothricin. 


Even at 5 p.p.m. tyrothricin appears to accelerate the destruction rate of 
“flat sour” spores. A concentration of greater than 20 p.p.m. could not be 
tested by our method because the antibiotic concentration could not be 
diluted below its inhibitory level within the range of recoverable spore num- 
bers. 

The tests described for “flat sour’ organism No. 1518 in pea brine were 
also conducted in corn brine. There was no significant difference in the 
results obtained in the two substrates. 

It is apparent that the antibiotics tested are more effective in increasing 
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the destruction rate of the flat sour spoilage type (B. stearothermophilus) 
than the putrefactive spoilage type (P.A. No. 3679). Putrefactive anaerobic 
spoilage types include Cl. botulinum, which is the organism of health sig- 
nificance in canning, as opposed to the flat sour spoilage types which are 
only of economic significance. In view of this, it appears that the addition 
of an antibiotic, such as tyrothricin, might promote effective “complete” 
sterilization by a given heat process but would not decrease the minimum 
processing requirement for commercial sterility. 


SUMMARY 


A series of experiments were conducted to compare the thermal death 
rate of spores of putrefactive anaerobe No. 3679 and B. stearothermophilus 
No. 1518 in the presence and absence of the antibiotics subtilin, tyrothricin, 
methylol gramicidin, and rhatany root extract. The results obtained indicated 
that the thermal death rate of spores of organism No. 1518 is accelerated 
by the addition of three of the four antibiotics tested. The antibiotics did 
not affect the thermal death rate of spores of putrefactive anaerobe No. 3679 
to a significant degree. 
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A research program on the application of flavor enzymes to cabbage, 
supported in these laboratories both by the Quartermaster Pioneering Re- 
search Division, Natick, Massachusetts, and by the Quartermaster Food and 
Container Institute for the Armed Forces, Chicago, Illinois, showed that 
objective methods for the assay of enzymes, particularly those from different 
sources, were needed. Subsequent investigations under the sponsorship of 
Evans Research, reported herein, indicated that paper and gas chromatography 
offer much hope for the solution of this and similar problems. This study is 
part of a larger program at Evans Research and Development Corporation 
on flavor-producing enzymes. The basic concept and earlier results have been 
reported previously (4, 5, 8). 

Thioglucosidases » are present in enzymes obtained from cabbage and 
mustard, and they can be conveniently assayed for by their glucose-releasing 
action on sinalbin* and sinigrin*, Sensory panel studies, however, indicated 
that enzyme preparations from cabbage and mustard could be distinguished 
by their effect on flavor formation in reconstituted dehydrated cabbage. In 
view of the importance of isothiocyanates (mustard oils) to cabbage flavor, 
it was felt that a better picture of enzyme activity would be obtained by 
assaying for the released mustard oils, either directly by gas chromatography, 
or indirectly, by paper chromatographic examination of the thioureas derived 
from the mustard oils, according to the method of Kjaer and Rubinstein (6). 


PAPER CHROMATOGRAPHIC EVALUATION OF EFFECT OF 
ENZYMES ON DEHYDRATED CABBAGE 


Materials and Methods. Accordingly, the effects of an enzyme preparation from 
mustard seed and an enzyme preparation from cabbage leaves were compared by paper 
chromatographic techniques. Three samples were used for this study: 

1. dehydrated cabbage plus cabbage enzyme 

2. dehydrated cabbage with no enzyme 

3. dehydrated cabbage plus mustard enzyme 

The mustard enzyme was obtained from 1500 g. of Montana Brown mustard seed (1956 
crop). The seeds were crushed, defatted with petroleum ether, and extracted with water 
The enzyme fraction was obtained by precipitation with an equal volume of very cold 
acetone. 


* Presented at the Eighteenth Annual Meeting of IFT, Chicago, Illinois, May 27, 1958. 
»The name, “myrosinase” or “sinigrinase”, is sometimes used for the thioglycosidase 
in black mustard. This enzyme hydrolyzes the thioglucoside, potassium myronate or sinigrin, 
found in black mustard. 
© Chief thioglucoside found in white mustard. 
4 Chief thioglucoside found in black mustard. 
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The cabbage enzyme was prepared from the leaves of the Danish Ball-Head Cabbage. 
Separate enzyme preparations were made from the inner and outer leaves, the core and the 
seel, but sensory panel studies indicated the choice of enzymes from the leaves for this 
work. 

The dehydrated cabbage was commercially dehydrated Copenhagen cabbage, obtained 
through the courtesy of Dr. Fred Heiligman of the Quartermaster Food and Container 
Institute for the Armed Forces, Chicago. 

The enzyme fractions used were assayed for nitrogen content and for activities in 
hydrolyzing sinalbin and sinigrin. The amounts of enzyme preparation added were calculated 
to contain the same weight of nitrogen. 

Each of the 3 samples was preparel by the following procedure: Using a 12-liter 
round bottom flask and a mechanical stirrer, 500 g. of dehydrated cabbage (equivalent 
to about 22 lb. of fresh cabbage) was blended with 10 liters of distilled water. Then, for 
Samples 1 and 3, the respective enzyme was added (4 grams in 50 ml. of distilled water) 
to the cabbage slurry. An infrared lamp was used to maintain the slurry at a temperature 
of 30° C. during the reaction time. After 6 hours, the stirring was stopped, and the slurry 
was allowed to stand for 16 hours at room temperature under a layer of toluene. 

The slurry was then extracted with 6 liters of n-hexane, in 3 equal portions. Each 
two-liter portion of n-hexane was added to the slurry and stirred mechanically for 2 hours. 
The n-hexane layer was siphoned off, and another 2-liter portion of fresh n-hexane was 
added to the slurry. Infrared analysis of a sample from the first 2-liter portion of n-hexane 
extract detected the presence of isothiocyanates. Isothiocyanates were not detected in the 
next n-hexane extract. Therefore, 3 extractions were considered adequate for removal 
of isothiocyanates from the slurry. 

The n-hexane extract was concentrated from 6 liters to about 500 ml. by distillation 
on a hot water bath. Examination of samples of this n-hexane extract by means of infrared 
analysis and gas chromatography indicated the presence of mustard oils, particularly allyl 
isothiocyanate. 

To the 500 ml. of concentrated n-hexane extract of the cabbage slurry was added 100 ml 
of concentrated ammonium hydroxide and 100 ml. of ethanol. The solution was agitated 
and then allowed to stand at room temperature for 20 hours. Then it was concentrated to 
2 ml. (by distillation on a hot water bath) for examination by paper chromatography. 

Paper chromatography of the various fractions was carried out using Whatman No. 1 
paper which had been equilibrated for 16 hours in an atmosphere of chloroform and water. 
The mobile phase was chloroform saturated with water. Ultraviolet light, platinic iodide 
(2), and sodium azide-iodine reagent (10) were the visualizing agents used to detect the 
isothiocyanates after their conversion to thioureas by treatment with concentrated ammonium 
hydroxide. 

The sodium azide-iodine reagent was the most sensitive reagent, but it was not very 
specific. Platinic iodide, used as a dipping bath rather than a spray, was also very sensitive, 
and rather more specific. It was found to be most reliable for this work if the concentration 
was three times higher than that recommended, and if the acetone was not added until 
just prior to use. Grote’s reagent, which has been recommended for the detection 
of thioureas, was tried, but found unsatisfactory. A recent publication (3) also notes 
that Grote’s reagent was less satisfactory than the sodium azide-iodine reagent for detection 
of similar sulfur-containing compounds on paper chromatograms. 

A schematic diagram representing the results of several chromatograms is given in 
Figure 1. 

All 3 samples of dehydrated cabbage gave a very weak positive reaction at the origin. 
Six additional corresponding reaction zones were detected for Samples 1 and 3, the enzyme- 
treated ones, indicating that no mustard oils were released in the untreated cabbage. These 
zones had the following Rr values, relative to that of N-sec-butyl thiourea, and intensities: 
0.02, weak ; 0.11, very weak ; 0.42-0.50, very strong (corresponds to an authentic sample of N- 
allyl thiourea) ; 0.85, medium; 0.98, weak; and 1.11, very weak. The reaction zones at 
0.42-0.50, 0.85, and 0.98 were the only areas which showed appreciable absorption under 
ultraviolet light, which is characteristic of thioureas. The concentrations of the other reaction 
zones may have been too low for such detection. In any case, there appeared to be no 
qualitative difference between Samples 1 and 3. Quantitatively, it could be seen that there 
were four components in Sample 3 that were present in smaller amounts in Sample 1. For 
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Figure 1. Comparison of effect of cabbage and mustard enzymes on dehydrated 
cabbage using Whatman No. 1 paper, chloroform-water solvent system, and platinic 
iodide visualizing agent. 

*See Table 1. 

The numbers refer to relative intensity: 1 = very very weak and 9 = very strong. 


example, when smaller and equal amounts of samples were examined, only three components 
could be found in Sample 1, but five were found in Sample 3. The compounds that were 
seen only when large amounts of the thiourea mixture were chromatographed are designated 
by dashed circles in Figure 1. In both samples, the major component was due to allyl 
thiourea. The identity of the others is uncertain, although certain possibilities (for example, 
3-butenyl thiourea, sec-butyl thiourea, and w-methy] sulfide-n-propy! thiourea) are evident 
from a perusal of the Re values of authentic thioureas given in Table 1. To allow comparison 
with Kjaer’s results (6), all the Re values in this table have been given as absolute values 

To determine whether any mustard oils or similar compounds remained in the aqueous 
phase (because they had not been extracted by the hexane), the liquid was expressed from 
the n-hexane-extracted cabbage (which had been standing at room temperature for 16 
hours) by filtering it through cheesecloth and squeezing to obtain as much as possible. A 
preliminary experiment had indicated that almost 95% of the water initially added to 
dehydrated cabbage could be recovered. The resulting liquid was filtered under suction 
through a Buchner funnel, using Celite filter aid. This liquid was not clear, but further 
filtration did not improve it. Therefore, this liquid was concentrated by distillation from 
about 10 liters to one liter. 

The distillate from Sample 1 had no obvious odor. The distillate from Sample 2 had a 
strong sulfurous, cooked cabbage odor. The distillate from Sample 3 had a cabbage-like 
odor with sharp sulfurous overtones. The one liter of liquid expressed from the n-hexane- 
extracted cabbage slurry was divided in two. One half received no additional chemical 
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TABLE 1 
Average R values of known n-substituted thioureas* 








Literature 


Re values (6) 


Thiourea 
Methyl 0.02 0.03 
Ethyl 0.11 0.12 
Allyl 0.21 0.22 
3-Butenyl 0.48 0.48 
sec-Butyl 0.54 0.61 
w-Methyl sufide-n-propyl 0.58 
0.60 0.70 


n-Butyl 
Benzyl 0.63 0.75 
0.71 — 


4-Pentenyl 

Phenyl 0.71 0.83 
B-Phenyl ethyl 0.75 0.92 
n-Hexyl 0.84 — 


1 Whatman No. 1 paper, descending technique, and chloroform saturated with water irrigant 

















treatment. The other 500 ml. was treated with 100 ml. of concentrated ammonium hydroxide 
and 100 ml. of ethyl alcohol, agitated, and allowed to stand for 20 hours at room temperature. 
Both samples were concentrated to a small volume for paper chromatography. This con- 
centration step was limited by the tendency of the samples to become tars. 

Paper chromatography detected one very weak reaction zone in both of the expressed 
liquid fractions. Apparently, treatment with ammonium hydroxide had no differentiating 
effect. The expressed liquids for Samples 1, 2, and 3 all had this same reaction zone. 
Although the reaction zone had the same R¢ value as that of an authentic sample of N-allyl 
thiourea, it was not detected by ultraviolet light. This might be a concentration effect. 

In Figure 2, the mustard oils (as thioureas) obtained from cabbage enzyme-treated 
dehydrated cabbage are compared with those obtained in a previous study from fresh cabbage. 
The results are not strictly comparable, since the fresh cabbage (1,000 pounds) was worked 
up by a large-scale procedure, which is now known to cause the loss of allylisothiocyanate. 
This mustard oil is so volatile that it is lost completely when trying to recover it from large 
volumes of solvent by evaporation. For this reason, the dashed circle is included in Figure 
2 to represent the allyl thiourea that would have been found if reaction with ammonia had 
been allowed to occur before working up of the solvent extract from fresh cabbage. 

The differences noted are undoubtedly caused by the disparity of the methods and the 
amounts of cabbage used and possibly by differences in geographical origin. Also, the 
nature of the chromatographic system is such that reproducible absolute Re values are not 
easily obtained and it is difficult to compare substances that are not run on the same 
chromatogram. However, it is clear that a fairly close correlation can be made between 
the patterns given by fresh cabbage and those given by enzyme-treated dehydrated cabbage. 
Substantially, this same conclusion was reached by Bailey et al. (1) of the Quartermaster 
Research and Engineering Command, Natick, Massachusetts on the basis of mass spectro- 
scopic data of the volatiles obtained from fresh, dehydrated, and mustard enzyme-treated 


dehydrated cabbage. 


ACTION OF CABBAGE AND MUSTARD ENZYME 
ON SINIGRIN AND SINALBIN 


The same sample of mustard enzyme used in the paper chromatographic study was 
compared for thioglucosidase activity on two substrates with a corresponding sample of 
enzyme prepared from cabbage. Since the nitrogen contents of these crude preparations were 
10.9% and 8.7%, respectively, the amounts used were adjusted to make possible a comparison 
of the assays on an equal nitrogen basis. The two substrates chosen were sinigrin and 
sinalbin. These thioglucosides were obtained by hot alcohol extraction of black and white 
mustard flour, respectively. 

Samples were prepared so that complete hydrolysis of either substrate would yield 
equimolar amounts of glucose, that is, the substrate-enzyme ratio would be similar in all 
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Figure 2. Comparison of fresh cabbage with dehydrated cabbage after enzyme 
treatment using Whatman No. 1 paper, chloroform-water solvent system, and platinic 
iodide visualizing agent. 

1 See Table 1. 

2 The numbers refer to relative intensities: 1 = very very weak and 9 = very 
strong. 


cases. Each sample contained 0.27 mg. of nitrogen and was buffered to pH 5 with acetate 
buffer. Under these experimental conditions, a unit of enzyme activity was defined as that 
which released 0.1 mg. of glucose per hour from its substrate. The measurement of 
released glucose was made colorimetrically using the 3,5-dinitrosalicylic acid method of 
Sumner and Sisler (11). The results obtained are shown in Table 2 and plotted in Figure 3. 


TABLE 2 
Comparison of enzymatic activity on sinalbin and sinigrin 








Enzyme | Activity Activity 
preparation on Sinalbin on Sinigrin 
from (units/mg N) (units/mg N 





18.5 


Cabbage 27 | 20.4 


Mustard 11 


1 Ratio of activity on sinalbin to activity on sinigrin 





When sinalbin was used as the substrate, the cabbage enzyme showed 27 units activity 
per milligram of nitrogen; the mustard enzyme, only 11 units. When sinigrin was used 


as the substrate, the cabbage enzyme showed 2().4 units activity; the mustard enzyme, 18 


units. 
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Figure 3. Comparative activity of thioglucosidases from cabbage and mustard 
on sinigrin and sinalbin. 





Column 3 of Table 2 gives the comparative rates during the initial 2 hours of the 
reaction. These reveal that cabbage “myrosinase” has less effect on sinigrin than sinalbin, 
whereas exactly the opposite is true for the mustard “myrosinase”’. 

A comparison of the reaction rates of thioglucosidases from white mustard and from 
Aspergillus sydowi has also been carried out recently (9). This study showed that these 
thioglucosidases can be distinguished by this method. 

The difference in relative activities on two substrates by two enzyme preparations might 
indicate that at least two thioglucosidases exist, one more active on sinigrin and the 
other on sinalbin. Another possible explanation is that there may be two or more enzymes 
with differences in affinity for the two substrates. These thioglucosidases may be present 
in the enzyme preparations in varying proportions. 

Mustard, cabbage, and Aspergillus sydowi may contain different ratios of these 
thioglucosidases since preparations from all three have activity on both substrates, but their 
relative activities differ. The presence of glucose-using enzymes, such as glucose oxidase, in 
only one enzyme preparation would reduce the amount of glucose produced from both 
substrates and would not necessarily interfere with the ratio of activity. 

Therefore, the important observation to be made from Table 2 is that the relative 
activities of mustard and cabbage enzyme preparations on two different thioglucosides 
differ sharply, pointing to a possible mechanism by which variations in mustard oil flavors 
may be produced in members of cruciferous plants 


GAS CHROMATOGRAPHY OF MUSTARD OILS 


An attractive alternative method for the analysis of isothiocyanates was 
offered by gas chromatography. Accordingly, the mixture of authentic mus 
tard oils, as shown in Figure 4, was subjected to gas chromatographic 
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analysis under a variety of experimental conditions. Since these mustard 
oils vary greatly in volatility, certain compromises were necessary to obtain 
analyses within reasonable amounts of time. Thus, the final conditions selected 
are not necessarily those best suited for separation of any pair or group of 
isothiocyanates. 

Very short (one-foot) columns were used to keep the length of exposure 
of the isothiocyanates to heat as short as possible, and to allow elution of the 
less volatile mustard oils at moderate temperatures. The column substrate 
was 20% di-n-octyl phthalate on 30-60 mesh crushed firebrick. The tem- 
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Figure 4. Gas chromatogram of isothiocyanates. 


perature was increased during the run from 120° C. to 150° C., on account 
of the above factors. A recent publication (7), which appeared since the start 
of this work, describes the separation of mustard oils at lower temperatures 
on a silicone grease column. However, only the more volatile mustard oils 
were examined. 

The possibility of the inter-conversion of thiocyanates and isothiocyanates 
during gas chromatography was considered by using the same chromato 
graphic conditions for the analysis of known thiocyanates. It was found 
that the retention times of thiocyanates were very close to those of the cor 
responding isothiocyanates, and that mixtures of thiocyanates and isothiocy 
anates were not resolved. However, infrared examination of isothiocyanates 
eluted from the columns, revealed that, under these chromatographic con 
ditions, there is no sign of rearrangement to the thiocyanates. Likewise, the 
thiocyanates examined were not rearranged to the iso form. Allyl thiocyanate, 
which is likely to rearrange, was not examined, however, since the “authentic” 
sample obtained had already gone over to the isothiocyanate form. 
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It can be concluded, therefore, that gas chromatography offers an excellent 
route to direct examination and separation of naturally occurring mustard 
oils. In the particular cases under study, the amount of starting material 
was such that only allyl isothiocyanate was detectable as a result of enzyme 
action. Therefore, this approach was temporarily abandoned in favor of the 
more sensitive paper chromatographic route. It is seen, too, that identification 
of mustard oils by retention times alone may be hazardous, and infrared 
spectroscopy is a necessary confirmatory technique. 


SUMMARY 


Cabbage and mustard enzyme preparations (in amounts calculated to 
contain the same weight of nitrogen) were allowed to react with equal 
portions of the same commercially dehydrated cabbage for 22 hours. The 
reaction mixture was extracted with n-hexane. This extract was treated 
with concentrated ammonium hydroxide to convert liberated mustard oils 
to thioureas for paper chromatographic examination. 

At low concentrations, five components were detected for the cabbage 
enzyme, but only three of these were detected for the mustard enzyme. At 
higher concentrations, six similar components were detected for both enzymes. 
Four of these components were more strongly detected for the cabbage enzyme 
preparation than for the mustard enzyme preparation. 

The comparison of the cabbage and mustard enzyme preparations, based 
on a paper chromatographic study of thioureas formed from released mus- 
tard oils, indicates that: 


1. The same mustard oils are released from commercially dehydrated 
cabbage by cabbage and mustard enzyme. Mustard oils are not found 
in untreated dehydrated cabbage. 

Apparently the mustard oils are released from commercially dehydrated 
cabbage at a greater rate, or to a greater extent, by the cabbage enzyme 
than by the mustard enzyme. 


These findings may be correlated with intrinsic differences or relative 
affinities of the thioglucosidases in cabbage and mustard as indicated by com- 
parison of enzymatic activities on sinigrin and sinalbin. 
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It has been shown in a previous paper (4) that dehydration by either the 
freeze-drying or the accelerated freeze-drying (AFD) process (1,3,7) did 
not substantially change the actomyosin of beef muscle and the associated 
adenosine triphosphatase (ATPase) activity was reduced but little. The 
present work was designed to discover whether during subsequent storage 
there is a loss of ATPase activity and if there is, whether or not it bears 
a definite relationship to deterioration in dehydrated meat as assessed by a 
taste panel. 

If a partial loss of ATPase activity were related to the actomyosin, the 
results could indicate either slight damage to the whole or extensive damage 
to part of the actomyosin. Deterioration of texture occurs during storage and 
it seemed probable that this might be associated with changes in the protein. 
For example, it has been found that casein becomes insoluble when stored in 


the ‘dry’ state in presence of glucose (5,6). A convenient way of assessing 
quantitatively changes in beef actomyosin during storage would be by 
measurement of the residual ATPase activity. 

The possible survival of enzymes during storage is of interest since they 
might contribute to the more rapid deterioration observed in dehydrated raw 
beef as opposed to that which has been precooked. ATPase may not be con- 
cerned in this effect, but its survival will indicate the presence of many other 


enzymes. 

In general the storage life of dried foods increases as their moisture 
content decreases. Some data for dehydrated raw beef is available (2, 8) 
but the method of drying may have a considerable effect on the storage 
properties. Tests were therefore carried out in which raw beef, dried by the 
\FD process, was stored at various moisture contents. At intervals samples 
were examined organoleptically and their actomyosin-ATPase activity was 
determined. 


EXPERIMENTAL 
Materials and Methods 


Storage test. Beef steaks used for this test were taken from a batch dried in a 
commercial-scale plant by the AFD method (7). The steaks were cut into pieces about 
2.5 X 2.5 X 0.9 cm. and mixed well to achieve uniformity of starting material. The pieces 
were adjusted to the various moisture contents (3%, 7% and 11% approximately) by 
exposure to an atmosphere of 95% R.H. and 37° C. until the appropriate weight increase 
had been obtained. The maximum time required was approximately 6 hours. The samples at 
each moisture level were nitrogen packed into a 4-gallon can and held for 3 days at 
18° C. to equilibrate the moisture levels. After this period, the fat and moisture contents 
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were determined on samples from each can and the beef was nitrogen-packed as 50 g 
units into Al cans. A bag of filter paper containing 5 g. granular calcium oxide was 
placed in some as an in-can desiccant. After packing, the seams of the cans were rendered 
air-tight by treatment with a bituminous paint. Cans were then stored at —20° C, 18° C 
or 37° C. Samples removed from store were examined for ATPase activity and their 
organoleptic qualities. Occasionally the fat and moisture contents and the reconstitution 
properties were determined. 

Method of reconstitution. Weighed pieces of beef were put into cold water and kept 
submerged by a clock glass. Water absorption was determined by weighing the pieces 
after the surface water had been removed by blotting. After 30 minutes immersion the recon- 
stituted pieces were minced to give a homogenous sample and the fat and moisture contents 
determined. From these figures, the reconstitution curve could be plotted as g.water/g 
non-fatty solids (NFS) against time. It is appreciated that the method is subject to slight 
errors owing to the leaching of scluble components 

Taste panel. The fully reconstituted samples were cooked by pape ph in water 
until tender with the addition of salt only. The beef was served to a panel of trained 
tasters, isolated in individual cubicles illuminated with a red light so that eBoy changes 
could not be detected and affect the marks. The scoring system is shown in Table 1 


TABLE 1 
Taste panel score sheet 








Toughness Juiciness Intensity of beef flav 





Very tough Very dry Very weak or entirely masked ake er, strong 
Tough Dry Weak | Appreciable 

Slightly tough| Slightly dry Medium Slight 

6 Tender Juicy Full None 











Palatability was marked on 2 ale of 1 to 9, in which 9 was equated with ‘like extremely’ and 
with ‘dislike extremely’; a mark of 5 implied ‘neither like nor dislike’. On this scale samples 
of fresh meat prepared according to taste panel procedure were generally given scores of 7 to 8 


In addition to the other attributes a marking was given for palatability. The latter indicates 
only the opinion of the panel and cannot be accepted to be representative of the average 
consumer. The tasters tended to be critical of the quality of the samples and this, 
together with the simple method of cooking, suggests that the palatability of the product 
would be improved if served as part of a dish with appropriate seasoning. The marking 
is used as a guide to changes in the palatability of the beef with storage. 

3efore the storage-life of any foodstuff can be assessed, some means of deciding wher: 
it has become unpalatable is required. The method must be arbitrary, since the palatability 
of food is a subjective quality which will vary with method of cooking, appetite and 
discrimination of the consumer, etc. The time required for the score of any one attribute to 
fall to a given level could be taken as the storage-life. However, this method ignores 
changes in other attributes and also the development of taints of an unpleasant nature. In 
this work, a marking of 2.5 on the palatability scale has been chosen as defining the 
end of storage life (provided that subsequent scores were not higher), the palatability 
marking being accepted as an ‘omnibus’ score for all attributes. This figure may appear 
rather low but, as has been explained, the palatability rating would almost certainly be 
improved if the beef were cooked in an attractive fashion and assessed by a representative 
group of the population. Although this method of assessing storage life is open to 
criticism, it has the advantage of simplicity. 

Determination of ATPase activity. The method of enzyme preparation was as de 
scribed in a previous paper (4). 0.3 g. of finely-minced lean beef taken from a well-mixed 
sample was macerated, washed and made up to 100 ml. with water. Determinations were 
carried out on 0.05, 0.10 and 0.15 ml. portions of the suspension. Blank determinations were 
also done in which enzyme or ATP or both were replaced by water. By this means 
an estimate was obtained of the amount of inorganic phosphorus produced by ATP, by 
the enzyme preparation, and by the reagents alone. Standards containing 3.1 and 6.2 ug 
inorganic phosphorus per tube were assayed together with the other phosphate determina 
tions. From these, and from the fat and moisture contents of the minced dried beef, 
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average activity of each sample was found in terms of ug. phosphorus produced/min./mg. 
NFS. It should be noted that solids referred to here are those of the original beef, 
not those in the enzyme suspension. 


RESULTS 


The results, both for the taste panel and ATPase activity (measured in ugP produced/ 
min./mg. NFS), are shown in the 6 charts constituting Figure 1. There is a general 
tendency for deterioration in eating quality to follow the decrease in ATPase activity. 
There was no appreciable change in toughness or juiciness in any of the samples. 

Sample A (3% M.C., 37° C.). Loss in palatability followed the trend of the ATPase 
graph very closely. After 6 months this sample had fallen almost to the critical palatability 
score, but in the next 6 months very little significant change occurred. 

Sample B (in-can desiccant, 37° C.). A similar tendency was shown in this sample, 
though there was in general less deterioration than in the samples with high moisture 
content or sample A. The overall storage life was estimated at more than one year. 

Sample C (3% M.C. —20° C.). Deterioration of the organoleptic attributes of this 
sample was very slight during the storage period and the storage life was markedly in 
excess of one year. 

Sample D (6.3% M.C., 37° C.). Deterioration was comparatively rapid in this sample 
and the quality was reduced to the critical palatability score in three months. The latter 
followed the decrease in ATPase activity very closely. 

Sample E (10.8% M.C., 37° C.). The graphs for this sample showed a marked 
similarity to those for sample D though sample E had a shelf life of only one month. 

Sample F (3.3% M.C., 18° C.). This sample had a longer shelf life than those with 
a similar moisture content stored at 37° C. It is interesting to note that the graphs 
for this sample bear a marked similarity to those of sample C. 

ATPase activity. In all samples the rate of loss of enzymic activity is shown to be 
dependent on moisture and temperature. Those with moisture contents of 3% or less lost 
little if any activity in the first 3 months. Thereafter the ATPase activity declined, the 
rate of loss being retarded by storage at —20° C. and accelerated at 37° C. The 
samples at 18° C. kept better than those at 37° C. with an in-can desiccant, which 
in turn deteriorated more slowly than a sample at 37° C. without a desiccant. The enzymic 
activity decreased rapidly in the wetter samples. 

Reconstitution. The graphs in Fig. 2 are plots of water uptake for samples stored 
for %4, 3 and 6 months. For the sake of clarity the initial points have been omitted. Again, 
the samples with high moisture levels which were stored at a high temperature deteriorated 
most quickly in rate and extent of reconstitution, although occasional inversions in the 
order were found. 

Moisture determinations. These were done periodically during the storage test and 
the results for sample B and the averages for the other samples are given in Table 2. 


TABLE 2 
Moisture contents during storage 








Samples A Cc 





Samples without in-can desiccant 
Storage temperature ..... aC — 20°C 
Average moisture content 3.1 2.9 

(g.H20/100 g. NFS) 
Standard deviation + 0.62 + 0.61 + 1.21 
Samples with in-can desiccant (B) 
Time (months) . : 
Moisture content 2.8 : F 0.85 








In addition to the above assessments, individual fibres were tested for contractility (4) 
and small pieces of beef for catalase activity (4) after storage for 16 months. The samples 
stored at —20° C. or 18° C. were still quite strongly contractile but none of the 
others showed activity. Catalase activity on the other hand was present in all samples except 
the wettest. A boiled sample as a control was shown to have no catalase activity. 





SAMPLE ‘A’ 
3°%.MC- 37°C 


>: wo 
TIME (MONTHS) 


Figure 1. Changes in dehydrated raw beef during storage. Sample ‘A’, ATPase 
activity is measured in u~gP produced/min./mg.NFS. (Other graphs show taste 
panel scores hedonic scale). 


SAMPLE ‘B’ 
IN-CAN DESICCANT- 37°C 


5 
TIME (MONTHS) 
Figure 1. Sample ‘B’. 








SAMPLE ‘C’ 
3%MC-—20°C 


NESS 


d& INTENSITY OF FLAVOUR 


a an 
TIME (MONTHS) 


Figure 1. Sample ‘C’. 


SAMPLE ~D’ 
6-3%MC - 37°C 


10 
TIME. (MONTHS) 
Figure 1. Sample ‘D’. 





SAMPLE ‘E 
10.8% MC- 37°C 


TIME (MONTHS) 
Figure 1. Sample ‘E’. 


SAMPLE ‘F’ 
3-3% MC -18°C 


5 Te) 
TIME (MONTHS) 


Figure 1. Sample ‘F’. 
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STORAGE PERIOD 
2 WEEKS 3MONTHS 6MONTHS 























© 5 1015202530 0 5 10 15202530. O 5 1015202530 
TIME (MINS) 
Figure 2. Effect of storage on the ease and extent of reconstitution. 


KEY 
O 3%, 37°C. 
@ in-can desiccant, 37°C. 
A 3%, — 20°C. 
4 7%, 37°C. 
0 11%, 37°C. 
@ 3%, 18°C. 


DISCUSSION 


There is some evidence to support the view that during storage dehydrated 
beef becomes tough and dry (2). In the storage test described, however, the 
dryness and toughness of the samples did not increase appreciably. This 
may have been due to insensitivity of the panel to these attributes or to 
reluctance to use the extreme parts of the scale. However, Sharp (8) also 
reports that dehydrated beef does not change much in texture during storage. 

It will be observed that most of these taste panel scores tend to increase 
slightly towards the end of the storage period. This may be due to the 
mood of the panel at that particular period or can be explained by the fact 
that there is actually very little further deterioration taking place after about 
7 months. After this period the slight roast taint is quite palatable when 
compared with that of samples stored at a high moisture content where it is 
very marked and a bitter taste results. 

There is considerable irregularity in the taste panel scores and it is 
possible only to interpret trends. The general tendency is for the panel scores 
to follow the decline in ATPase activity which is steady during the storage 
period. Measurement of its activity, or that of some other suitable enzyme in 
stored, dehydrated beef, might therefore prove to be a good index of deteriora- 
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tion, in which case such measurement could supplement or even replace 
assessments by a taste panel. 

If one examines the taste panel scores for the whole storage period, 
certain facts emerge. The loss of beef flavour during storage was more 
marked than the change in texture, though it is difficult to say whether this 
was a true loss in flavour or a masking by the taints which developed. This 
development of taints seemed to be the major organoleptic change which 
occurred, and was very clearly related to the moisture content of the sample 
in the range of moisture levels used. The type of flavour produced in the 
samples with high moisture content was characteristic of non-enzymic brown- 
ing reactions and these appeared to be the chief cause of deterioration. 

The panel palatability (“acceptability” on the hedonic scale) marks are 
of interest since they followed the same pattern as those for development 
of taints. This suggests that the members were influenced predominantly by 
the taste of the sample in the absence of texture changes in assessing its 
palatability. 

Results for ATPase assay show a decrease that is similar to the trend 
in all organoleptic assessments except those for toughness and juiciness. This 
was quite unexpected as it was thought originally that damage to the actomyo- 
sin would destroy the ATPase activity and simultaneously produce toughness 
and dryness. The apparent conclusion is that damage to the actomyosin 
sufficient to destroy its ATPase activity does not produce much toughening 
although the samples with high moisture content do become a little less 


juicy. 
The good agreement with other attributes is easier to explain. Maillard 


reactions are the most probable origin of taints and hence of loss of flavour 
and palatability. In these reactions a reducing substance such as a sugar 
combines with a free amino group which may be part of a protein. The 
protein is changed ; for example, it may no longer be soluble (5,6) and such 
alterations could result in a loss of ATPase activity, and the changes observed 
in the organoleptic properties. 

The retention of contractility in the sample stored for 16 months at either 
—20° C. or 18° C. but not in any of those at 37° C., is of particular interest 
From the graphs it can be deduced that the ATPase activity of samples A 
and B at 37° C. would be expected to reach zero before 16 months, while 
samples C at —20° C. and F at 18° C. would probably still retain some 
activity after that time. This suggests that the loss of contractility and of 
ATPase activity are closely associated, both probably depending on denatura- 
tion of actomyosin. 

The in-can desiccant in sample B reduced the moisture content to less than 
1% in 3 months. Thereafter there was apparently a slight rise. This effect 
is probably due to absorption of water vapour from the air during the grinding 
of these very dry, hygroscopic samples preparatory to moisture determination. 
The in-can desiccant is obviously effective in removing moisture from beef 
and it might be advantageous to finish dehydration in the AFD process at an 
earlier stage and rely on storage with an in-can desiccant to dry the sample 
further (2). This would reduce processing costs and might possibly give a 
better product since the material would spend less time at high temperature. 

In a previous paper (4) it was suggested that the action of enzymes in the 
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dried product causes dehydrated raw meat to deteriorate more rapidly than 
precooked meat. The enzymes might cause deterioration directly, or indirectly 
by supplying reactants for the browning reaction. One requirement for the 
acceptance of this mechanism is that enzymes be shown to survive under 
conditions in which dried meat deteriorates. This work shows that ATPase 
is quite resistant to damage in the ‘dry’ state. Catalase, which is probably a 
more typical enzyme in respect of stability, is only inactivated after the beef 
containing it has suffered gross damage. It would seem desirable to carry 
out a further experiment in which all taste panel conditions would be care- 
fully controlled in order to give a quantitative mathematical relationship 
between the subjective assessment of the panel and the objective measurements 
of the ATPase activity. In this way measurement of the activity of ATPase 
or of some other suitable enzyme in stored dehydrated beef might therefore 
prove to be a good index of deterioration, in which case measurement could 
supplement or even replace assessments by a taste panel in some circumstances. 


SUMMARY 


Dehydrated raw beef of varying moisture content has been stored in an 
inert atmosphere at different temperatures. At intervals the reconstitution 
characteristics, the adenosine triphosphatase activity and the organoleptic 
qualities of the samples were assessed. It was found that taste panel assess 
ments showed a deterioration in the meat which closely followed the loss 
of ATPase activity. The rate of deterioration of beef increased with increas 
ing moisture content as might have been expected. Muscle fibres from samples 
were still contractile in the presence of adenosine triphosphate after 16 
months; this confirms that relatively undamaged actomyosin was present. 
Catalase activity was also demonstrated in all but one of the samples after 
16 months storage, suggesting that enzymes are not readily destroyed during 
storage. The practical and theoretical implications of these results are dis 
cussed. 
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Customarily, alternative formulations of a food product are evaluated by 
consumers in terms of a frame of reference (12) commonly shared within 
the market. This frame of reference includes a set of expectations (i.e., a 
product image) of what the basic characteristics of the product should be, 
coupled with estimates of the appropriateness or utility of alternative product 
characteristics relative to the individual’s needs in his typical or normal 
consumption situation (4, 13). In addition, there is a possibility (11, 15) that 
biogenetically shaped preferences for certain food sensations contribute to 
the basis of acceptability of food products. That this latter judgmental basis 
is not always dominant, however, can be seen in the acceptance of the “normal” 
smell of Limburger cheese or of the customary bitterness of coffee. These 
frame-of-reference considerations of product image or product utility are not 
necessarily rationally and coldly applied by a judge of the acceptability of a 
food (6). Through shared cultural training (8) and long personal eating 
experience, persons giving estimates of the acceptability of food alternatives 
have well-developed criteria based on normality assumptions so tacit and 
implicit that they may be beneath awareness. 

The circumstances shaping judgments of unusual foods designed for 
special feeding situations can be quite otherwise, however. By definition, the 
needs such foods are designed to gratify are at least partly non-normal, so 
that normality assumptions about product utilization cannot apply. Secondly, 
there is no “normal” product image with which such novel formulations can 
be compared. It follows that when subjects lack judgmental norms on which 
to base evaluations of unusual foods, they may tend to put greater emphasis 
on the immediate sensory gratification qualities of these products. Insofar 
as alternative formulations of an unusual food differ in sensory attributes, 
these differences may be more sharply reflected in acceptability ratings than 
when such formulations can be judged in terms of a developed frame-of 
reference including product image and utility concepts. Further, the absence 
of a general product image or utility concept will require that other, more 
remote, associations come into play, the nature of which will influence accept- 
ance judgments. The more idiosyncratic nature of such personal associations 
should lead to added inter-judge variation of acceptability judgments. Some 
of these associations may be very far-fetched, but in an unstructured situation 
subjects will tend to grasp at any clue, appropriate or otherwise, which can 
serve as an anchor for judgment (7). 

The problem of evaluation of unusual foods is made additionally complex 
by the tendency of subjects to reject such products merely on the basis of 
strangeness. Recent reports by Hudson (5) and Torrance(14) confirm this 
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tendency for rejection and suspicion leading to a negative approach in the 
evaluation of unusual foods. It follows that if strangeness of unusual samples 
were decreased through provision of a utilitarian basis for judgment, neg- 
ativity of acceptance ratings might be reduced, judges should be more in 
agreement in terms of their general level of ratings, and physical differences 
in alternative formulations should be less important as determinants of ratings. 


FOODS FOR IN-FLIGHT FEEDING: 
ACCEPTANCE TESTS AND RESULTS 


An opportunity to examine conclusions about preference for strange, unusual or exotic 
foods with specific functional applicability arose from development of mixtures designed 
for in-flight feeding. Long-range high altitude supersonic aircraft require flight personnel 
to be encased in a restrictive pressure suit and a tightly enclosed helmet. In some instances 
only one hand may be available for eating during a flight extending through several meal 
cycles. In 1945 it was generalized that: a) acceptability of food differs on the ground and 
aloft; b) foods are regarded more critically in the air than on the ground, and c) some 
vegetables and salads are relatively less acceptable in the air than on the ground, whereas 
soups, meat, fruits and some vegetables are comparable and baked goods have greater 
relative acceptability in the air (3). These generalizations were subsequently confirmed 
in field tests. Further, recent studies (2) have shown that reduced barometric pressure and 
the breathing of 100% aviator’s oxygen do not affect the threshold of taste perception or 
the level of taste identification of the four primary tastes; thus the difference in level of 
perception and identification do not account for the differences in acceptability of food in the 
air and on the ground. 

Within this situational, sensory and attitudinal context, some solid foods (such as 
bite-size sandwiches and tablets), semi-solid and liquid foods have been developed. The 
semi-solid food was designed to be squeezed from a tube like toothpaste and the liquid food 
is to be sucked from a straw like a thick malted milk. Both the latter foods are cooked 
meats in which particle size and fluid content have been adapted to produce desire] 
viscosity. Field tests on the different designs indicated that certain of the bite-size 
sandwiches were well-liked (1), that food in tablet form was poorly received (9), and 
that liquid foods were received with mixed feelings (10). Results of tests of semi-solid 
foods are not yet available. 

To improve formulation of the liquid foods, a number of processing factors were 
incorporated into a factorial design for evaluation in the sensory evaluation laboratory. 
The first was a meat-base variable at 2 levels, chicken and ham. The chicken samples 
differed in terms of a second variable: suspension of meat particles by mechanical or 
chemical means. Ham samples varied in terms of 2 levels of saltiness. Thus there were 
4 physically different samples, 2 of ham and 2 of chicken, on which preference information 
was required. 

Procedure. At this point consideration was given to the question raised earlier: How 
meaningful are preference estimates made in the absence of a frame of reference? What 
could be considered the “normal!” conditions of use of these in-flight samples which could 
serve_as a basis for intercomparison of the alternative formulations? Since no comparison 
could be made within the “cake of custom”, it was decided to vary several of the character- 
istics in which the field situation was estimated to differ from the normal laboratory situation. 
Therefore three situational factors were varied in the experiment. Some subjects received 
the samples hot, while some received them in the cold or lukewarm state that might be 
encountered in flight; some received samples in a cup, others sipped them through a tube 
from an opaque container as they would be consumed in flight. For some they were described 
only as “experimental samples,” while for others they were described as “samples of Air 
Force meat-flavored liquid foods developed for in-flight feeding of jet pilots.” These 3 
variables — serving temperature, serving vessel and sample description — were incorporated 
into the test design in addition to the 4 variations in liquid meal composition. Ninety-six sub- 
jects drawn from male and female military and civilian personnel available at the U. S. Army 
Chicago Administration Center took part in this test. The experiment extended over 3 test 
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sessions on successive mornings; 32 subjects took part in each test session. No subjects 
took part in more than one test session. Samples were served in taste-test booths under 
controlled experimental conditions permitting no intercommunication between subjects. As 
each group of 4 subjects entered the laboratory they were all assigned to one of the 8 
different conditions at a given session under which the 4 liquid meal formulations were to 
be evaluated —i.e., in cup or opaque flask; at 2 temperatures of the 3 temperature levels, 
and functionally described or not described. Samples were served one-by-one, and each 
was rated successively on the 9-point hedonic scale with rinsing taking place during a 
45-second interval between successive samples. Subjects were encouraged to make 
comments about the samples in terms of their bases for evaluation. After completion of 
the preference rating task, subjects removed to an adjacent room and were interviewed 
by staff psychologists about their perceptions of the product. On completion of the interview 
subjects were requested not to discuss the experiment with anyone 

Methodology appraisal. Methodological hypotheses for this test centered mainly on 
the effect of “instruction” and “container” variables on subjects’ judgments. Serving 
samples from opaque plastic bottles through glass straws rather than from cups was 
expected to increase the strangeness of the samples and the unsureness of subjects as to 
what the samples were; accordingly ratings were expected to be lower in this treatment 
group than when samples were served from china cups. The brief explanatory statement 
was expected to decrease strangeness of samples and thus permit higher ratings. The 
explanatory statement, which was typed on a card handed to each subject as he entered 
the taste-test booth, included a phrase on the function or utility of the foods which was 
supposed to give utility value of “need-satisfying” character to the product and at the 
same time not create false anticipation. Because this phrase made feeding from bottles 
meaningful, it was expected that the explanatory statement would be most effective 
in inducing higher ratings under the bottle condition of serving. Also, insofar as lower 
ratings arise from subjects’ confusion or lack of frame of reference, a corresponding 
increase in variability of ratings could be expected. 

Results of the test showed significant flavor and temperature effects, with ham samples 
being preferred to chicken and the hot samples being preferred to the cooler samples; 
differences in saltiness of ham or suspension of chicken did not affect ratings significantly. 


TABLE 1 


Overall mean preference ratings (N = 24) assigned to 
samples of liquid meats rated under varying conditions 








Not 


informe 


j Informed 





Cup 7 
Bottle 


Aver 





TABLE 2 
Variance analysis of preference ratings assigned samples of liquid 








df SS MS F 





Instruction..... ] 3.8776 3. 23.13 
Vessel... sich ies 3.4126 3.41 5.68 
Instr. x Vessel ial . 2.7676 : 4.62 


Other Effects & Interactions 
Temperature..... — 7.0277 
Chicken vs. Ham............. 9.8176 
Other components /......... 51.6188 


Errot...... ihe : a 27.7630 





Total as ‘ 95 116.2849 





1 These include other main effects, higher-order interactions, and judge-group (replicate) variation. 
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Methodological expectations regarding effects of serving vessel (cup, or bottle with 
tube) and instruction on ratings were only partly confirmed, however (see Tables 1 and 2). 
The prediction that samples would be more favorably rated by instructed subjects was 
supported; the difference between overall mean ratings of instructed and uninstructed 
groups was in the expected direction and significant at the 5% level. However, predictions 
on the main effects of serving vessel, and on the interaction between instruction and serving 
vessel, were not confirmed. Subjects receiving samples from opaque bottle with glass straw 
rated samples significantly (0.1%) higher than subjects receiving samples from cups; 
correspondingly, the effects of instruction were most marked among the cup subjects 
(interaction significant at the 5% level). 

Comments of subjects on what they liked and disliked about the samples (Tables 3 and 
4) showed that while both instructed and uninstructed groups favored the taste and flavor 


TABLE 3 
Comments of subjects on what they liked about the liquid meat samples 








Cup Bottle 
Comments Total 
Instructed Not instructed Instructed Not instructed 








Taste and 
_ eke eee 13 10 15 17 


Concept of meat 
in liquid form.... 


Tickness and 
richness... 


All others 
and general... 


Nothing. 


No answet.................... 











‘el 


Total 1......... 27 











1 Responses total more than 24 because of multiple answers. 


of the samples, the uninstructed group was “put-off” by the strangeness of the samples, and 
the instructed group was impressed by the idea of liquidized meat as an approach to in-flight 
feeding. This utilitarian aspect of the product reflected by the data might account for the 
favorable increment in ratings from instructed subjects. Insofar as this concept applied 
equally to responses toward different samples it might be expected that the instructed group 
would be less sensitive to formulation and flavor differences between the samples. A break- 
down of average variation within cells of subjects-groups (Table 5) shows this may be true: 
the ratio of samples-plus-sample-cell interaction variance between the two instructional 
groups is significant, with ratings of the instructed group less variant in terms of treatment 
differences and interactions. Further, the uninstructed group was more variant also in 
terms of inter-subject differences in level of rating of liquid meat samples and in evaluations 
as to which samples were how much preferred to others (sample-subject interaction). 

It was expected that the unfamiliar method of presentation of samples in bottles with 
glass straws would adversely affect level of ratings, but the opposite occurred. It may be 
that sipping samples from bottles implied to uninstructed subjects the novelty of the liquid 
meals known to the instructed subjects, and this novelty attracted the interest of subjects. 
Alternatively, it may be that the color, odor, temperature or other disliked qualities of 
the samples were less apparent when samples were drawn out of opaque bottles, so that 
relatively more weight was given to flavor as a determinant of ratings; as indicated in 
Table 3, flavor of the samples was generally liked. The cup subjects offered considerably 
more critical comments on the samples (Table 4), particularly about the coldness of the 
samples, their thickness and their chalky texture; further, the fact of more criticisms on 
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TABLE 4 
Comments of subjects on what they disliked about the liquid meat samples 








Cup Bottle 





Comments 
Instructed Not instructed Instructed Not instructed 





Too cold.... 11 12 9 


Too thick... 10 4 
Chalky texture 


Too salty 
& spice.. 
Flavor & Odor 


Concept of meat 
in liquid form. 





Richness, fatti- 
ness, greasiness 





Appearance, color 
Strangeness 
All others 
Nothing 

. 


No answer 2 


Total 1. 58 


1 Responses total more than 24 because of multiple answers 











appearance from cup subjects supports the supposition that bottle subjects were less aware 


of product characteristics. 
A Followup Test 

In a later sensory evaluation of two alternative formulations of liquidized meat, subjects 
(N = 40) were informed as to the nature of the product and received the samples both 
in cups and in bottles. Samples were rated singly and one-by-one in the hedonic scale. 
Half the subjects received the 2 formulations in cups, followed by the same samples in 
the opaque bottles with glass straws, while the other half received the 2 samples first in 
bottles and then in cups. Samples were served at lukewarm temperature only. 

On the basis of the previous test reported above, it was expected that subjective 
preference differentiation between alternative formulations would be reduced wl,en samples 
were taken from the opaque bottles, and that insofar as this was true, the ratings of 
samples in bottles would tend to be higher. Neither of these expectations was wholly 
supported (Table 6). The bottle group provided ratings no higher than the cup group, and 
there was equivalent differentiation between the two formulations in both serving vessels 

However, whereas the “cup-first” group indicated in their comments (Table 7) that 
they were very much aware of the odd textural qualities (thick, gritty, chalky, dry) of 
the products and that they differentiated between the samples on this dimension even when 
samples were later served from a bottle, this was not true of the “bottle-first” group; the 
latter “bottle-first” group did not use texture as a basis for differentiation even when 
samples were subsequently provided in cups. Further, it is interesting to note that the 
“bottle-first” group commented on the appearance of samples later served in cups, suggesting 
that this dimension was not drawn to their attention previously. Other differences in 
dimensional bases for comments also appeared, and generally the “cup-first” group was more 
prolific in comments. 

These observations on the way subjects perceived and differentiated the products 
on the basis of initial introduction to them are supported by the finding the interaction of 
the product with vessel-used-first was significant at the 10% level. It would appear that 
when liquid meat samples in bottles with glass tubes are introduced to subjects, unfavorable 
textural and other qualities are less important as pertinent dimensions in preference 
evaluation. When samples are first introduced to subjects in cups, however, judgments based 
on texture, flavor, etc., are also applied when samples are later served in bottles 
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ACCEPTANCE MEASUREMENT OF UNUSUAL FOODS 
TABLE 6 


Mean preference ratings (N = 20) for 
two formulations of liquid meats served in cups and in bottles 








| Sequential positions 1 & 2 Sequential positions 3 & 4 
Average 





Cup Bottle Cup Bottle 





6.0 


5.6 


Formulation A...... 5.7 6.0 9.9 
Formulation B..... 5.0 § 6.1 
Average 5.4 6.1 6.0 a. 5.8 





TABLE 7 
Comments made by subjects (N = 20) evaluating two formulations of liquid meat 
served from cups or from opaque bottles 








Sequential positions 1 and 2 Sequential positions 3 and 4 





Comment 
Cup Bottle Cup Bottle 


uy 





Salty, spicy, 

smoky, strong 
Thick, gritty, 

chalky, dry..... 
Flavor (good or poor). 
Don’t like drinking 


liquid meat........ 
Color and appearance 





Total 


24 





] 
4 
1] 





SUMMARY AND CONCLUSIONS 


Strangeness of samples has been shown to lead to relative rejection of 
products in the comparative absence of clues to a frame of reference within 
which judgment may take place. Variation in clues selected by judges as a 
basis for evaluation lead to greater inter-judge disagreement. Addition of a 
functional (utilitarian) basis for judgment tends to reduce relative importance 
of product physical characteristics as a basis for judgment. In the absence 
of any judgmental frame of reference, reduction in the number of product 
physical attributes apparent to the judge appears to reduce operation of bases 
for rejection and increase homogeneity of judgment between subjects; inter- 
sample discrimination is also reduced. Once a basis for judgment has been 
established from available clues, it tends *o persist even though additional 
product characteristics may become later available to perception. Insoiar as 
these observations may hold in a situation in which unusual foods are used, 
it would appear that acceptance could be maximized if such foods could be 
introduced with a specific functional application and in a form or fashion 
in which their novel qualities would be least apparent. 
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INTERACTION OF SUCROSE AND CALCIUM CYCLAMATE 
ON PERCEIVED INTENSITY OF SWEETNESS *°? 


JOE KAMEN 
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(Manuscript received August 1, 1958) 


If we mix various proportions of 5 and 10% sucrose solutions, we will 


find that the perceived intensity of sweetness of the mixtures will lie between 
the perceived intensities of the original solutions. Specifically, the subjective 
intensities of the mixtures should be approximately geometrically proportional 
to the relative amounts of each of the original solutions that comprise the 
mixture. In this case, the effects of mixing the solutions are said to be additive 

Consider next the case where, instead of two sucrose solutions, we have 
one sucrose solution and one of another type of sweetening agent, calcium 
cyclamate. Are the effects of mixing two different sweetening agents also 
additive? Will the sweetness of the mixture be proportional to the amounts 
of each pure solution in the mixture, or will the sweetness be greater or less 
than of either pure solution alone? 

The purpose of this study was to determine the effects of mixing, in 
different proportions, various concentrations of two chemically distinct sweet 
eners upon the perceived intensity of sweetness. 


EXPERIMENTAL 


Subjects. The subjects (Ss) were 16 employees of this Institute, most of whom had 
participated in previous sweetness studies (2). Those who had no prior experience were 
selected from candidates who demonstrated ability in discriminating among different sucros« 
concentrations. 

Method. The method used was that of single stimulus with a nine-interval rating 
scale of intensity. Alternate intervals were anchored with the following descriptions of 
intensity: None, slight, moderate, strong, and extreme. The intervals were assigned 
successive integers from 1 (none) to 9 (extreme) and the ratings then treated quantitatively. 

Concentrations of sucrose and cyclamate. The sucrose used to prepare the solutions 
was an analytical reagent at least 99.991% pure. The calcium cyclamate was Du Pont Cylan 
Charcoal-filtered distilled water was used as the solvent. 

Estimates of the concentrations of sucrose and cyclamate required to give mean intensity 
ratings of 2, 4, 6 and 8, were available from both published (2) and unpublished * data of 
Schutz and Pilgrim. For sucrose, these concentrations were 2.31%, 5.79%, 14.63%, and 
37.07%, respectively. For cyclamate the corresponding concentrations were: .067%, .166%, 
465%, and 1.540%. Note that the concentrations are approximately logarithmically spaced 
within each set. 

Solutions. At each level, two solutions of mixtures of sucrose and cyclamate were 

“This paper reports research undertaken at the Quartermaster Food and Container 
Institute for the Armed Forces, and has been assigned Number 928 in the series of paper 
approved for publication. 

»The writer expresses his appreciation to Mr. Norman Gutman, Chief, Statistics 
Office, QMFCIAF, for his valuable assistance. Special acknowledgment is made to Mrs. 
Phyllis Whitmer and to Messrs. Bill Lewis and Ralph Lundgren who performed almost 
all the laboratory work. 


© Personal communication. 
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prepared, as well as solutions of sucrose and cyclamate alone. The first mixture consisted 
of two-thirds of the sucrose solution and one-third of the cyclamate. In the second mixture, 
the proportions were reversed. For example, at Level I (estimated intensity rating of 2), 
there were 4 solutions: (a) 2.31% sucrose; (b) 1.54% sucrose plus .022% cyclamate; (c) 
77% sucrose plus .045% cyclamate; (d) .067% cyclamate. Thus, mixture (b) consisted 
of two-thirds (a) and one-third (d) ; and mixture (c) consisted of one-third (a) and two- 
thirds (d). 

The solutions for the other 3 levels were similarly prepared. 
concentrations, by level, of the solutions containing only sucrose, only cyclamate, and the 


Table 1 presents the 


mixtures 


TABLE 1 


Concentrations of pure solutions of sucrose and 
calcium cyclamate and of Their Mixtures 








Sweetener is: 





er (a) (b) : 
oe “a All 24 Sucrose; 4 Sucrose; 
intensity o Y% Cyclamate 24 Cyclamate 
sweetness . 


sucrose 





Su Cy. Su. Cy 





I 31% 1 0% | 1.54% 1.022% 77% + ~—045% 
3.86% 93% 1 111% 
1 0% | 9.75% 1.155% | 4.88% .310%| 


II 5.79% 0% 
III 63% 


Cc / 
o 60% «(| 24.71% =: 12.36% 1 1.030%| 





c 





IV 37.075 
1 Denotes solutions and mixtures presente 

: : - 

days and 4 





i to Ss on days 1 and 3. Other solutions and mixtures 
were presented 1 

Procedure. The 16 solutions (4 solutions at each of 4 levels) were divided into 2 
groups of cigh:. On testing days 1 and 3, the 8 solutions indicated by a footnote symbol 
in Table 1 were presented to the Ss; on testing days 2 and 4, the other 8 solutions 
were evaluated. Order of presentation of the samples was balanced. All 4 testing days 
were spaced approximately 2 weeks apart. Fresh solutions were prepared for each test 
day. 

Ss sat in a semi-enclosed testing booth. 
were presented one at a time through a turntable in a wall separating the booth from the 
serving area. After rating each sample, S rinsed his mouth ad libitum with charcoal-filtered 
distilled water. The time between the rating of one solution and the presentation of the 


Six ml. samples in coded one-ounce glasses 


next was 45 seconds. 


RESULTS 


The mean intensity ratings for each solution over two sessions are presented in Table 2 
It was estimated that the successively increasing concentrations of the sucrose solutions 
alone and of the cyclamate solutions alone would yield intensity ratings of 2 (Level I), 4 
(Level II), 6 (Level III), and 8 (Level IV). The estimates were somewhat more 
accurate for the sucrose solutions than those for the cyclamate. For both types of sweeteners 
the set of stimulus concentrations is considered adequate to test for additivity of mixtures 
over a wide range of subjective intensities. 

If the intensities of the mixtures possess the property of additivity, then their ratings 
should lie between those of the pure cyclamate and the pure sucrose solutions. Inspection 


TABLE 2 
Mean intensity ratings for each solution and mixture 








Sweetener is 





(b) (c) 
Sucrose; 14 Sucrose; 
Cyclamate 24 Cyclamate 





2.41 2.06 
4.22 3.91 
6.59 6.59 
7.81 7.66 
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of Table 2 suggests that at the lowest and highest stimulus concentrations (Levels I and 
IV), the intensity of the mixtures are not markedly different from the intensities of the 
pure solutions. For the intermediate levels, however, the intensities of the mixtures are 
always higher than those of the pure solutions. 

An analysis of variance was performed to test whether the apparent departures from 
additivity, particularly at the second and third levels, are significant. The breakdown of the 
sources of variation and the results of the analysis are shown in Table 3. The ratings of 
the two mixtures at each intermediate level are significantly greater than the ratings of the 
pure sucrose and cyclamate solutions. This effect is not evident for either the highest 
or lowest levels. 

The significance of “Ly” and “Le” in Table 3 merely means that the intensity of 
sweetness increases as “linear” and “cubic” functions of stimulus concentrations. “Linear” 
and “cubic” are in quotation marks because the sums of squares for “Ly” reflects some 
cubic as well as linear components. Similarly, the sum of squares for “Le” reflects both 


TABLE 3 
Analysis of variance of sweetness ratings 








Mean Level of 


Source of variation df 
square significance 











(within Level I) 1 26 
(within Level II) 1 
(within Level II1) ....... 1 
(within Level IV) 1 
(within Level I) . 1 
(within Level II) 1 
(within Level III) 1 
(within Level IV) 1 
f (within Level I) 1 
(within Level II) . 1 
(within Level III) 1 
(within Level IV) 1 
(within Level I) —S2 1 

(within Level Il) —Se2 | 53 

(within Level III) —S: ame | .07 

(within Level I1V)—Se . ‘ 1 03 

. 1 

1 

1 

1 

] 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 


a 
1.53 
2.82 
12 


20 

50 

.03 

.20 

28 

82 
> 


*.3 


T 
T 
T 
r 


te bw tht bo 


-<€ 


.63 


1 
1 
1 
1 
2 
9 
1 
1 
1 
1 
1 
1 
1 
1 


(within Level 1) —Se2 1.32 
(within Level II) —Se 2.00 
(within Level 95 
(within Level 2.00 
T 2 (within Level I) —Se 
(within Level II) —S2 


te th te 


aut a 


— UNNI ee OS inte 


(within Level III) —S: 
(within Level IV) —Se2 


ee Fe ee oe 
SS] 3] 3] S| S355 55 Fy 
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whoe™N 


2Se 
Le: Le Ss AOE: 
Judge (within day) . 60 
Judge-treatment interaction: 
within day (Error) . EES. 420 
10tal .... : renee 511 


Note: Symbols refer to comparisons of mean ratings 

(See Table 1 or 2) 

— Sweeteners (a) and (b) ws. (c) and (d) 

— Sweetners (a) and (d) ws. (b) and (c) 
- Sweeteners (a) and (c) vs. (b) and (d) 
~- Levels I and II ws. III and IV (Linear component) 
Levels I and III ws. II and IV (Cubic component) 
- Levels I and IV vs. II and III (Quadratic component) 
Days 1 and 2 ws. 3 and 4 


t 
iv 
oa 
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linear and cubic components. To determine the significance of the entirely linear and 
entirely cubic mathematical relationships, we used orthogonal polynomials as described by 
Fisher and Yates (2). The sums of squares for the linear component increased to 2276.33 
and the sums of squares for the cubic component decreased to 11.56. We may conclude that 
the ratings and logarithms of the stimulus concentrations are linearly related, and that the 
cubic component is not too important though still statistically significant at the .01 level. 

The significance of “Se” indicates that the ratings of intensity were higher on days 
3 and 4 than on days 1 and 2. The interaction between replication and the linear component 
of stimulus concentration (L Se) is also statistically reliable. It is possible that during the 
first 2 days Ss were reluctant to endorse the 8th and 9th categories because, had even 
stronger concentrations been later presented, they would have no “room” for expressing 
their more intense sensations. However, once having learned the range of concentrations 
during the first 2 days, they would be less hesitant to use the extreme categories during 
the second 2 days. This explanation has no special relevance to the main conclusions 
of the experiment. 

DISCUSSION 

A practical implication of the results is that if these two sweetening 
agents are both used in a product, the sweetness will probably be greater 
than would be expected on the basis of simple additivity. Whether the same 
conclusion would hold when pairs (or triplets) of other sweeteners are em- 
ployed is to be determined in future investigations. 

At least two alternative explanations might account for this fact of non- 
additivity in the middle range of concentrations. The first is that the sweet 
receptors may be differentially sensitive to the sucrose and cyclamate molecules. 
If they are, then a mixture of the two sweeteners would be expected to 
stimulate a greater number of receptors, and consequently, to bring about a 
greater perceived intensity. 

The alternative explanation assumes that the presence of bitter reduces 
the perceived intensity of sweet. Several Ss and the experimenter himself 
observed that many of the solutions which contained cyclamate were somewhat 
bitter. If these observations are valid, then the mixtures of sucrose and 
cyclamate could be expected to taste sweeter than the pure solutions because 
the bitter component of the cyclamate is diluted in the mixture and hence 
suppresses the sweet taste to a lesser degree. A further extension of this 
reasoning is: If two sweetening agents have no bitter component, then the 
effects of mixing them are more likely to be additive than if either or both 
are somewhat bitter. The implications of this explanation can be subjected 
to experimental test. 

SUMMARY 

Pure solutions of two sweetening agents, calcium cyclamate and sucrose, 
and mixtures of these solutions were rated by judges for intensity of sweetness. 
At the highest and lowest solution concentrations, the perceived intensities 
of the mixtures did not depart markedly from the perceived intensities of the 
average of the pure solutions comprising the mixtures. At moderate solution 
concentrations, however, the perceived intensities of the mixtures were 
significantly higher than the intensities of the pure solutions. The practical 
and experimental implications of this finding were discussed. 
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Carbonyl compounds influence the flavor and quality of many foods and 
natural products. They are believed to be largely responsible for the rancid 
flavors developed in oxidizing fat and fatty tissue. However, relatively little 
is known concerning the influence of composition, treatments, and conditions 
on the kinds and amounts of carbonyls formed in fat, and their relationship 
to odor and flavor (11, 18, 23, 30,38). The objectives of this work were to 
determine some of the changes occurring in fractions of the steam volatile 
carbonyls of freezer-stored pork fat. 

There is considerable need for a more specific objective method of deter- 
mining rancidity. The shortcomings of the organoleptic methods (1, 2, 21 
34,35) have been fully described elsewhere (4, 24, 36,47). Peroxide values 
can be used to follow the amount of oxidation, but they do not constitute 
a specific determination of rancidity (31, 32, 33, 36,38). Rancidity has been 
found to appear at different peroxide levels. Carbonyls are produced as a 
result of the decomposition of the peroxides, and apparently their nature 
depends on the kind of hydroperoxides, conditions, and other variables (38). 

In recent years the sensitivity of methods involving 2, 4-dinitro-phenyl- 
hydrazone ” derivatives of carbonyls has been applied. Pool and Klose (40 
have devised a method for determining total monocarbonyls, Neumer and 
Dugan (37) have reported a procedure for total volatile carbonyls, and Chang 
and Kummerow (10) a method for total and volatile carbonyls. In generat, 
applications of the above methods have indicated a close relationship between 
peroxides and carbonyl values. Total carbonyl values, therefore, also appear 
not to be specific for rancidity. 

Consideration of these facts, together with the well-known sensitivity of 
taste, leads to the assumption that rancid flavors may be due to some par 
ticular type of carbonyls (8,9, 14,15, 27), the proportions and rate of for 
mation of which are influenced by the composition of the glycerides, catalysts, 


enzymes, and anti-oxidants present, and processing and storage conditions. 
Henick, Benca, and Mitchell (23) have developed a method for determination 
of total saturated and unsaturated carbonyls as hexanal and crotonaldehyde. 


Applications (23, 38) of this method showed the rate of increase of saturated 
carbonyls exceeded that of the 2-enal class. The method does not take into 
account other classes of carbonyls that may be present. 

In studies of autoxidative mechanisms (6, 8, 9, 22, 25, 27, 28, 44, 45, 46) 
one or more compounds of the following classes have been identified : saturated 
aliphatic aldehydes, saturated ketones, 2-en-1-als, 2, 4-dienals, and dicarbonyls 

* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, I1l., May 27, 1958. 

» Hereinafter referred to as DNPH. 
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A number of investigators have recently reported identification of carbonyls 
in food products (12, 14,15, 39,48). A quantity of individual compounds 
of the expected types of carbonyls were found by Forss, Pont, and Stark 
(14, 15) in off-flavored skim milk, and by Pippen, Nonaka, Jones and Stitt 
(39) in a simmering mixture of chicken muscle tissue and water. For the most 
part, carbonyls were isolated from large amounts of material, and DNPH 
derivatives obtained in large enough quantity to permit separation by repeated 
column adsorption chromatography, and identification by conventional pro- 
cedures. Such methods are laborious and time-consuming and are not suited 
to the following of qualitative and quantitative changes during oxidation. 

This paper describes the application of procedures for the separation and 
determination of total volatile carbonyls, monocarbonyls, and dicarbonyls 
of pork fat. The volatile monocarbonyls were separated into classes by a 
rapid new paper chromatographic procedure (19) for separation of mixtures 
of 2-alkanone, alkanal, alk-2-enal, and alk-2,4-dienal DNPH derivatives. 
These procedures were referred to in a recent note (18) which described the 
identification of volatile saturated aliphatic aldehydes and methyl ketones in 
a rancid pork fat. 

The new method for separation of homologous series of 2-alkanones, 
alkanals, alk-2-enals, and alk-2,4-dienals into classes described by Gaddis and 
Ellis (19) fails only with respect to acetone, methanol, and ethanal. Acetone 
separates in the alkanal class, and methanol and ethanal come out in the alk- 
2-enal class (19). As a result, when the classes are separated into individual 
compounds (13), mixtures of ethanal-acrolein, acetone-propanal, and acetone- 
butanal are obtained (19). However, the presence of acetone, methanol, and 
ethanal in the mixture of monocarbonyl DN PH’s can be detected by the partial 
extraction of these compounds from carbon tetrachloride with a 2 N HCl 
solution of 2,4-dinitrophenylhydrazine (18). Spectrophotometric studies in 
neutral solution and in alcoholic alkali (13,26) are useful in the detection of 
such mixtures, and where necessary corrections can be applied. Over-all, the 
methods of Ellis, Gaddis, and Currie (13) and Gaddis and Ellis (19) result 
in a powerful tool for rapid identification and estimation of classes and in- 
dividual compounds. In the freezer-stored pork fat (18) examined so far, 
acrolein has not been detected, and methanol, ethanal, acetone, and methyl 
ethyl ketone are usually present only in trace amounts. These compounds 
are in part removed from the other monocarbonyls by the extraction pro- 
cedure. Hexanal and propanal were identified as the major saturated com- 
pounds. 


EXPERIMENTAL 


Solvents and reagents. A. C. S. grades of carbon tetrachloride, ben- 
zene, methanol, and commercial absolute ethanol, Skellysolve C* (b 91° 
—95°) were purified as described by Ellis, Gaddis, and Currie (13). Tech- 
nical grade petroleum ether was distilled and the fraction boiling 37° —40° C. 


© Mention of specific commercial materials or equipment throughout this paper does not 
constitute recommendation for their use above similar materials and equipment of equal 
value. 
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was collected for use. Alcoholic potassium hydroxide (0.25 N) was prepared 
as described by Ellis, Gaddis, and Currie (13). Tetrahydrofuran was re- 
distilled. A. C. S. grade anhydrous ether; propylene glycol U. S. P.; and 
vaseline (white petroleum jelly) Blue seal, Cheesbrough Manufacturing 
Company, were used without further treatment. The 2,4-dinitrophenylhydra- 
zine reagent was prepared by grinding the 2,4-dinitrophenylhydrazine® in a 
mortar with 2N HCl and filtering. This gave a solution containing approx 
imately 5 mg. DNP per ml. The solution was purified by shaking with carbon 
tetrachloride in a ratio of 1 to 5, separating and filtering (3). This reagent 
was prepared fresh daily. 

Materials and equipment. Fat samples were steam distilled in detach 
able 32 x 300 mm. culture tubes connected to a micro Kjeldahl-type steam 
distillation apparatus. Alcoa alumina (grade F-20) was modified according 
to Pool and Klose (40) by mixing with 20% of hydrated alumina. Whatman 
No. 3 filter paper sheets were cut in tapering strips as described by Ellis, 
Gaddis, and Currie (13). Similarly, 38 & 300 mm, culture tube chromato 
graphic chambers, with pressure regulation by mercury traps, were employed 
(13) in ascending solvent development. Spectrophotometric measurements 
were made with a Beckman Model DU, using a tungsten lamp as light source. 

Procedure. Ground fat tissue was rendered at as low a temperature as possible on 


the steam bath. As fast as formed, the melted fat was filtered through cheesecloth and 10.0 g 


portions weighed into 32 X 300 mm. culture tubes. Two determinations were usually made 
on each sample of tissue fat— on the rendered fat, and on the rendered fat after heating 
at 165° C. for 15 minutes to approximate the effect of cooking. Carbonyls were volatilized 
by steam for 22 minutes at a distilling rate of 6 ml. per minute. The distillate was collected 
n an ice-cooled flask containing 50 ml. of 2N HCl solution of DNP, composed of 10 
to 50 ml. of saturated DNP reagent. During this operation, the condenser tip was immersed 
in the reagent, and, when the steam distillation was completed, the tip was washed inside and 
out with carbon tetrachloride. In some experiments, carbonyls which volatilized during the 
heating (cooking) process at 165° C. were collected and reacted with the DNP reagent 
in a similar manner. The steam distillate reaction mixtures were allowed to stand overnight 
at room temperature. The cloudy solution, or suspension, of DNPH’S was extracted with 
carbon tetrachloride and then benzene. In this operation both extracts were suitably washed 
with 2N HCl and then water. The extracts were dried over powdered anhydrous sodium 
sulfate and filtered, and, when total carbonvls were measured, the carbon tetrachloride 
extracts were made to 100 ml. Solvent was removed from the benzene extracts on the 
steam bath with a jet of nitrogen gas, and residues made to a suitable volume with carbon 
tetrachloride. Determination of total carbonyls were made with the spectrophotometer 
by measurement of the absorbance at the maxima. 

The total carbonyls were separated into monocarbonyls and dicarbonyls, and freed of 
excess DNP by chromatography on 0.35” X 2.5” columns of 20% hydrated alumina. Solvent 
was removed from the two fractions on a steam bath with a jet of nitrogen gas. The two 
residues were dissolved in minimum quantities of carbon tetrachloride and applied to 
separate columns of alumina, prepared by adding about 14 in. of powdered anhydrous 
sodium sulfate and passing through a preliminary portion of benzene. The monocarbonyls 
were separated and eluted with benzene. After development with ether, the dicarbonyls 
were eluted with ethanal. Solvents were removed from the monocarbony! and dicarbonvl 
fractions and the residues dissolved in carbon tetrachloride and made to a convenient 
volume. The absorbance at the wave length of maximum absorption was determined for 
each fraction. 

The volatile monocarbonyls were resolved into classes by a rapid paper chromatographic 
procedure (19). Mechanically, this technique was the same as that described by Ellis, 


“Hereinafter referred to as DNP. 
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Gaddis, and Currie (13). In order to compare fractions, on the basis of proportions of 
classes, the same quantities of total coloring components were spotted. Amounts spotted 
were calculated by the following formula: 


1.5 (monocarbonyls ) 
absorbance of carbonyl DNPH solution 





X ml. of carbonyl DNPH solution = 


The aliquot thus determined was evaporated on the steam bath with a jet of nitrogen gas 
to a suitable volume and spotted on the paper. Each separation was run in groups of 3 
strips or more in order to obtain enough material for characterization of the separated 
spots by spectral analysis. Extracted material was dissolved in 3.00 ml. carbon tetrachloride 
and the absorbance determined. Occasional determinations were also made in alcoholic 
alkali. This was usually done by removal of the solvent from the sample read in neutral 
solution, adding 0.30 ml. of benzene and 2.70 ml. of alcoholic potassium hydroxide, mixing 
and reading immediately. Preliminary paper chromatographic separation of the dicarbonyl 
fraction was also made, using a similar technique. Paper chromatograms were run at room 
temperature, using a mixture of 5.00 ml. of Skellysolve C and 1.00 ml. of tetrahydrofuran 
as ascending solvent. This solvent combination was suggested by Rice, Kellar, and 
Kirchner (41). 

Paper chromatographic separation of the classes of monocarbonyls into their indi- 
vidual compounds was made by the method of Ellis, Gaddis, and Currie (13) and Gaddis 


and Ellis (19). ; : 
Peroxides were determined on the rendered fat by the method of Rockwood, Rams- 


bottom, and Mehlensbacker (42). 
RESULTS AND DISCUSSION 


Carbonyl values. Total carbonyl, and mono- and dicarbonyl values, 
were determined for a considerable quantity of freezer-stored cured and 
uncured pork tissue samples from different animals. Statistical analysis of 
the data indicated a close association with peroxide values. This agrees with 
the findings of the few investigators (29, 37) who have examined the relation- 
ship. However, study of the data indicated that the high association may 
be somewhat superficial in nature. Total and monocarbonyl values often varied 
considerably at similar peroxide levels. The work of Nikkila and Linko (38) 
on vegetable oils indicated that peroxide-carbonyl relationships may differ 
in oils and fats of different origin and composition. The existence of dif- 
ferences in peroxide-carbonyl relationships would tend partly to explain the 
detection of rancidity at different peroxide levels (36). 

Data plotted in Figure 1 for a differently oxidized group of unrelated lard 
samples indicated variations in peroxide-carbonyl relationships. The greatest 
difference or variability was in the heated samples, and appeared to involve 
the monocarbonyl fraction. The dicarbonyl fraction showed a linear relation 
ship with peroxides. The variation possibly was due to differences in com- 
position and stability of the lard samples. 

Data shown in Figure 2 indicate peroxide-mono- and dicarbony] relation- 
ships found for uncured and cured tissue samples from the same hog. (In 
this experiment, one bacon side was dry-cured with 4% salt and both sides 
were cut into six equal segments. The segments were stored at 15° F. and 
tested after 18 and 36 weeks of storage. Adjacent segments were distributed 
between the two storage periods. The first 3 points in each curve represent 
segments from 18 weeks and the last three from 36 weeks storage.) In a 
given group of samples, peroxide-monocarbony! relationships tended to be 
linear in the early stages of oxidation. However, a difference in that relation- 
ship was indicated between uncured and cured samples. This was apparently 
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due to the pro-oxidant effect of the salt. There was little difference in the 
dicarbonyls of the two sets of samples, and relationships with peroxides 
were linear except in advanced stages of oxidation. Further work is required 
on the influence of composition, anti-oxidants, pro-oxidants, and other factors 
on peroxide-carbonyl associations. Such investigations seem necessary for 


a complete understanding of the chemistry of rancidity. 
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Figure 1. Oxidized lard. 
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Figure 2. Paired bacon sides. 
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As indicated in an earlier report (17) total carbonyls of heated fat 
(Figure 1) increased at a more rapid rate than those of the unheated fat 
during the early stages of oxidation. This was also shown to be true in Figures 
1 and 2 for monocarbonyls. However, in advanced oxidation, formation of 
carbonyls of unheated fat overtook and exceeded those of the heated fat. This 
curious behavior is probably partly due to volatilization and to decomposition, 
but it also appears to be chiefly a function of the degree of oxidation. 

The monocarbonyl DNPH’s gave the characteristic red color with alcoholic 
alkali. As reported earlier (18) the very small amount of monocarbonyls 
in the benzene extract so far have been found to consist entirely of low 
molecular weight saturated monocarbonyls. The dicarbonyl fractions gave 
blue colors in alcoholic alkali, which is characteristic of a dicarbonyls. 

In general, the wavelength of maximum absorption of the unheated mono- 
carbonyl fractions decreased with oxidation from 355 my to 343-6 my, 
which indicated an increase in the proportion of saturated constituents. How 
ever, the wavelength of maximum absorption of the heated monocarbonyl 
fractions increased from 355 my to 365 my with oxidation. This shift indicated 
increases in proportions of unsaturated compounds. 

Separation and identification of monocarbony]l classes. Paper chroma- 
tography of the monocarbonyls gave cleancut separations into 2 to 3 spots. 
Maxima were generally sharp and corresponded to those characteristic for 
saturated aldehyde, 2-en-l-al, and 2,4-dien-1l-al classes. Braude and Jones 
(5) and others (14,15,26) have determined the characteristic range of 
maxima in ethanal and chloroform of the classes of 2,4-DNPH’s. These 
values, along with determinations by the authors in carbon tetrachloride, 
ethanal, and alcoholic alkali, are shown in Table 1. 

A spot was obtained from unheated fat and low oxidized heated fat that 
has not been completely identified. This fraction had maxima of 349-58 mz, 
which is intermediate between the saturated aldehydes and 2-en-l-als. This 
fraction was discussed by Gaddis and Ellis (18), and the possibility considered 
that it might contain unconjugated unsaturated aldehydes. The Rp’s of this 
fraction were nearly identical with those of the 2-en-l-al class. It is now 
considered to be a mixture of methanol, ethanal, 2-en-l-als, and unknown 
compounds. The fracticn will be further discussed below. 

Table 2 shows a comparison of Ry values obtained in the separation ot 
mixtures of authentic DN PH’s of as much as four classes of monocarbonyls, 
and the monocarbonyls from a sample of heated fat. This illustrates the 
effectiveness of the separation, with compounds separating into their proper 
classes with the exception of acetone, methanol, and ethanal (19). 

Changes in the proportions of monocarbonyl classes. Proportions of 
the different classes were determined by measurement of the absorbance 
values at the maxima, and calculation as per cent of the total amount recovered. 
Figures 3 and 4 show changes with oxidation in the major classes, in saturated 
aldehydes, and in 2,4-dienals of four different groups of samples. The pro- 
portion of saturated aldehydes (Figure 3) increased rapidly (23,28). How- 
ever, in the heated fat, proportions of the saturated class generally decreased, 
but in late stages of oxidation showed a tendency to increase again slightly. 
Early in the oxidation, the 2,4-dienal class frequently was not detected, and 
heated monocarbonyls were similar in composition to those of the unheated. 
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TABLE 2 
Comparison of separations into classes by 
paper chromatography at 4° C. 








R, values 
2,4-DNPH's 











Mixture 
Saturated aldehydes, C3-Ci4 
2-en-l-als, C3-Ci2 


2,4-dien-l-als, C5-Ci2 


Monocarbor yls 
From heated 
Autoxidized stored (0° F.) 
Tissue fat 
Mixture 
Methyl ketones, Cs5-Co 
2 en-l-als, Cz Ci2 
2,4-dien-l-als, C5-Cy2 
Mixture 
Methyl! ketones, C5-Co9 0.60 5 See Table 1 
Saturated aldehydes, Cy-Cy4 0.42 
2-en-l-als, Cs-Cy1e2 0.32 


2,4-dien-l-als, C5-C12 0.17 
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Figure 3. Saturated aldehydes. Changes with oxidation. 


With oxidation the proportions of the 2,4-dienal class increased rapidly in 
However, this class tended to decrease somewhat 


the heated monocarbonyls 
with advanced oxidation. There was considerable difference in the behavior 
of the different groups of samples. Interpretation of this requires further 
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Figure 4. 2,4 dienal. Changes with oxidation. 


study. Perhaps the greatest significance of these data is the rapid change in 
proportions that takes place during the initial stages of oxidation at the time 
rancidity first develops. Proportions of saturated aldehydes changed from 50% 


to 85% in the unheated, and 2,4-dienals from 0% to 55% in the heated fat. 
Oxidation and relative quantities of monocarbony] classes. The ab- 
solute absorbance values of the classes were determined from the total mono 
carbonyl absorbance values and the percentage proportions of the classes. 
Data shown in Figures 5, 6, and 7 are an extension of the experiments covered 
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Figure 5. Lard. Oxidation and relative amounts of monocarbonyls. 
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Figure 6. Uncured pork fatty tissue. Oxidation and relative amounts of mono- 
carbonyls. 
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Figure 7. Cured pork fatty tissue. Oxidation and relative amounts of mono- 
carbonyls. 


by Figures 1 and 2. The absolute absorbance values are plotted against the 
peroxide values. 

In Figure 5, the erratic behavior of the heated total and monocarbonyl 
discussed in connection with Figure 1 is indicated to be due primarily to the 
generation of 2,4-dienals in a manner unpredictable on the basis of the per- 
oxides. The heated 2-enals also showed some variation. The rest of the 
class curves were fairly smooth. 

In Figure 6, similar data for uncured bacon are given. The samples were 
from the same bacon side, and all monocarbonyl classes increased smoothly 
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with oxidation. These data illustrate particularly well the rapid increase and 
change in relative amounts of the monocarbony] classes during the early stages 
of oxidation. Data shown in Figure 7 for cured bacon from the same 
animal (see Figure 7) are considerably different, although the fat was pre 
sumably similar in composition .Comparing Figures 6 and 7 over the same 
range of oxidation (peroxide 12-30), the rate of change and relative amounts 
of the classes are obviously different. It would appear that the pro-oxidant, 
salt, may influence the formation of oxidation products in some manner. 

In over-all consideration of Figures 5, 6, and 7, there was a progressively 
increasing quantitative difference between the unheated and heated saturated 
classes. Although a large proportion of this class is composed of low molecular 
weight volatile compounds, volatilization during heating did not account 
for the decrease. Since the unheated saturated class increased tremendously 
in the late stages of oxidation, the disappearance on heating becomes very 
great, and probably accounts for the previously discussed reversal in quantita 
tive relationship of the unheated and heated total monocarbonyls. Determina 
tion of the influence of fat composition and other variables on the relative 
amounts of the monocarbonyl classes would appear to be necessary for an 
understanding of the chemical nature of rancidity. 

Quantitative aspects of carbonyl determination. A thorough study has 
been made of the reproducibility of the above determinations. This was found 
to usually not exceed +3%. In the separation into classes, as shown by Gaddis 
and Ellis (19), results for the 2,4-dienals will tend to be somewhat low and 
the other classes a little high. This is due to the particular sensitivity of the 
2,4-dienals to light and air. 

Separation of classes into individual compounds. Data shown in Figures 
8 and 9 illustrate the separation by ascending paper chromatography (13, 19) 
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Figure 8. Vaseline-aqueous meth2nol system. Separation of classes into com- 
pounds, R,; values. 
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Figure 9. Propylene glycol, Skellysolve C-Methanol. R; values of unseparated 
material from vaseline-methanol system. 


of the different classes of a sample of unheated and heated cured pork fat 
into compounds. On the left-hand sice, the scale indicates Ry values and the 
adjacent column a homologous series of authentic saturated aldehyde 
DNPH’s. Unknown DNPH mixtures were applied first to the vaseline- 
aqueous methanol system (Figure 8), and after chromatography the un- 
separated material was transferred to the propylene glycol, Skellysolve C- 
methanol system (Figure 9). As indicated in Figure 8, higher molecular 
weight carbonyls were apparently similar in unheated and heated fats, with 
the exception of the saturated aldehydes. In that class, the unheated contained 
one compound and the heated two compounds. In the separation of lower 
molecular weight compounds shown in Figure 9, the heated contained none 
in the 2-enal class and was similar to the unheated in the saturated aldehyde 
class. The saturated aldehydes have been previously identified (18) as hexanal, 
propanal, ethanal, and methanal. Traces of actone and methyl ethyl ketone 
were also found. The two compounds with lowest Rp values in the unknown 
class are unquestionably methanal and ethanal (19). However, the ethana) 
might contain acrolein and the propanal traces of acetone. These results 
indicate the presence of 6 saturated aldehydes, two methyl ketones, three 
unknown unsaturated compounds, five 2-enals, and three 2,4-dienals; a total 
of at least 19 monocarbonyls in oxidized pork fat. 

Dicarbonyls. The solubility of the dicarbonyl fractions (Figures 1 and 2) 
in common organic solvents indicated they are probably mostly composed of 
compounds of relatively long carbon chains. The fractions had maxima in 
carbon tetrachloride from 350-90 mp. Maxima of unheated dicarbonyls 
were generally in the range of 380-90 mp and showed a secondary peak at 
430-40 mp. Dicarbonyls from heated fat often showed a down shift to about 
350-65mp. According to Braude and Jones (5) (see Table 1) bis hydrazones 
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have normal absorption except those of a diketones which have maxima as 
high as poly-unsaturated monocarbonyls. Apparently the downward shift in 
maxima indicates the presence of small amounts of unconjugated dicarbonyls 
Paper chromatography (41) gave three main fractions with maxima at 370, 
385, and 390 my» in carbon tetrachloride. These gave purplish-blue to blue 
colors in alcoholic alkali with maxima at 525, 545, and 550 my. Several minot1 
fractions with maxima at 346 to 358 my preceded the a-dicarbonyls on the 
paper. 


SUMMARY 


Methods are described for the estimation in fat of total steam volatile 
carbonyls, and mono- and dicarbonyl fractions thereof, as DNPH derivatives 
The application of a new paper chromatographic method to the separation 
and determination of classes of monocarbonyl DN PH’s is described. Classes 
of monocarbonyls changed progressively during oxidation with respect to 
those present and the proportions thereof. Heating oxidized fat at 165° C. 
also produced great changes in the classes of monocarbonyls. Types of 
monocarbonyls found were saturated aldehydes, minor amounts of the two 
lowest molecular weight saturated methyl ketones, a mixed group which con 
tained as a major constituent a DN PH derivative of unknown class, 2-en-1-als, 
and 2,4-dien-l-als. In general, with oxidation, the proportion of saturated 
carbonyls increased in unheated fat, and unsaturated carbonyls (particularly 
2,4-dienals) increased when the fat was heated. Resolution of the classes 
by paper chromatography indicated the probable presence in the saturated 
aldehyde class of not only hexanal, propanal, ethanal, and methanol, but at 


least two C;-Cy saturated aldehydes, and acetone, methyl ethyl ketone, three 
carbonyls of unknown class, five 2-en-l-als, and three 2,4-dien-l-als; a total 
of at least 19 monocarbonyls. The dicarbonyl fraction appeared to be com 
posed principally of a-dicarbonyls, but there was evidence of the presence 
of other types of dicarbonyls. 


The methods described are adapted to the determination of the kind and 
proportions of carbony] classes formed in small amounts of fat as the result of 
conditions to which the fat or fatty tissues have been exposed. Application 
of these methods may shed light on the mechanism of rancidity development 
from the standpoint of peroxide-carbonyl relationships, the well-known sen- 
sitivity of taste and the classes of carbonyls present. The potential value of 
the procedures in the identification and determination of individual carbonyls 
is indicated. 
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The darkening of dates involves at least two distinct processes: the 
formation of a dark layer under the skin resulting from enzymatic oxidation 
of the tannins that are localized in this zone, and the gradual darkening that 
takes place in the flesh as a whole towards maturity (9). In contrast to the 
first process the latter cannot be attributed to a phenoloxidase system, since 
catechol tannins are absent in these tissues. On the other hand, favorable 
conditions for the Maillard reaction exist during ripening in the flesh of the 
fruit, i.e. the presence of reducing sugars and amino acids at a relatively high 
pH value and elevated temperature. Although a survey of the free amino 
acids in the ripe date (Phoenix dactylifera) has been reported recently (4) no 
information is available to date which might indicate their participation in 
the above processes. The present work, which reports the change of the free 
amino acid pattern during various phases of ripening, was undertaken as 
part of an investigation into the chemical constituents involved in the darkening 
of dates. 


EXPERIMENTAL 


Materials. Dates (Deglet Noor variety) were obtained through the Date Admin- 
istrative Committee, Indio, California. Samples were collected at intervals during matura 
tion: when dates were uniformly green, yellow, red and brown, i.e., when harvested 
commercially. A commercial sample that had been stored for approximately 1 year at room 
temperature after the usual fumigation, cleaning and packaging processes and had darkened 
to a black-brown color was also investigated. 

Extraction. Freshly pitted dates were macerated with 70% aqueous ethanol (2000 
ml./kg. dates) and the mixture filtered. The filter cake was re-extracted with 1000 ml 
aqueous ethanol and the combined filtrates were allowed to pass through a column of 
Dowex 50-8X resin in the H-form (radius: 1.4 cm.; height: 40 cm.). The column was 
washed successively with 1 liter of 70% aqueous ethanol and 2 liters of water. The basic 
components of the extract including all amino acids were then eluted with 1 liter of 1 
N ammonia solution and the eluate concentrated at 30-40° under reduced pressure to a 
final volume representing 45 g. anhydrous dates per ml. This ex:ract was used for paper 
chromatography and other experiments described below. The dry weight of the dates had 
been obtained by dehydration in vacuo over phosphorus pentoxide to constant weight 


CHROMATOGRAPHY 


Two-dimensional small-scale chromatography using Schleicher and Schuell 589 Blue 
Ribbon 12.5 cm. filter paper squares and the solvent systems; tert.-butanol (69.5 parts) 
water (20.5 parts): formic acid (1 part); and phenol (77.5 parts): water (21.5 parts) : 
ammonia (1 part conc. solution) was carried out as described by Rockland and Under- 


* Financial support for this work was provided by the Date Administrative Committee. 
» Present address: California Corporation for Biochemical Research, Los Angeles, 
California 
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wood (11). Amino acids were identified by the position and color of their ninhydrin spots 
on the chromatograms relative to that of pure authentic compounds, by their behavior on 
ion exchange columns, by chemical degradation, and by special color reactions as described 
below. Typical chromatograms obtained by this method are shown in Figure 1. The amino 


acids found in such chromatograms are listed in Figure 2. 


Figure 1. Chromatograms of extracts from green, yellow, red and brown dates. 
Ag = asparagine, Al = alanine, Ar = arginine, As = aspartic acid, ¥-A = Y-amino- 
butyric acid, B=baikiaine, Ci=citrulline, Gl=—glycine, Gla=glutamic acid, 
Git = glutathione (oxidized), Glu = glutamine, HP = 5-hydroxypipecolic acid, Le 
= leucine(s), Pi = pipecolic acid, Pr = proline, Se = serine. 


Aspartic acid, glutamic acid, and glutathione (oxidized). An IR-45 column (weakly 
basic resin) which had been washed with 1 N ammonia solution and water was charged 
The 

effluent containing only neutral and basic amino acids was concentrated to 1 ml. and the 
concentrate chromatographed. The chromatogram clearly indicated the absence of the spots 


with 1 ml. of the above concentrated extract and washed thoroughly with water 


corresponding to oxidized glutathione, aspartic and glutamic acids. This was considered 


supporting evidence for the identity of the three acidic components present on the 
chromatograms of the original extract. Acid hydrolysis (heating for 2 hours at 100° C 
with 6 N HCl) of date extract destroyed oxidized glutathione and led to the appearance 
of cystine on the chromatogram. Oxidized glutathione was characterized further by the 
iodoplatinate test (15) which was positive, and aspartic acid by its specific steel-blue color 
on development with ninhydrin and glutamic acid by its conversion to pyrrolidone carboxylic 
acid, i.e. its absence on the chromatogram after heating of the extract at pH 3 to 105° C 
for 17 hours prior to application. 

Cystine. This amino acid was identified by its Re values and its positive iodoplatinate 
test. 

Glutamine and asparagine. One ml. of the above extract 
amino acids had been removed was now subjected to alkaline hydrolysis with 1 ml. 10 NV 
NaOH at 100° C. for 1 hour. The reaction mixture was applied to a small Dowex 50-8X 


from which the acidic 





H. RINDERKNECHT 


Amino Acid Green Yellow 


Alanine 
y-Aminobutyric acid 
Arginine 
Asparagine 
Aspartic acid 
Baikiaine 
Citrulline 
Glutamic acid 
Glutamine 
Glutatmone (oxid) 
Glycine 

Leucine 
Pipecolic acid 
Proline 

Serine 


Hydroxypipecolic 
aci 


Figure 2. Relative distribution of free amino acids in green, yellow, red, brown 
and dark brown dates determined by visual comparison of ninhydrin spot intensities 
of paper chromatograms. 


column and the column washed subsequently with water. The amino acids were then eluted 
from the resin with 1 N ammonia solution while Na ions were retained by the resin. The 
eluate was concentrated to 1 ml. and chromatographed. Aspartic and glutamic acids, the 
hydrolytic products of asparagine and glutamine, reappeared on the chromatogram thus 
confirming the presence of the latter two amino acids in the original extract. The presence 
of asparagine in date extracts was further supported by its characteristic orange-brown 
ninhydrin color which turns violet on standing and blue on heating. 

Arginine. Following the above alkaline hydrolysis of date extract a new spot cor- 
responding to ornithine was observed, evidently resulting from the degradation of arginine 
which was now missing from the chromatogram. When date extract was passed through 
a column of IRC-50 resin (weakly acidic) which had been buffered at pH 48 with 
sodium acetate buffer, the only amino acid missing from the chromatogram was the one 
tentatively identified as arginine. This observation established the basic character of the 
substance represented by this spot. Its identity with arginine was further substantiated 
by a positive color test with 8-hydroxyquinoline according to Jepson (7). 

Citrulline. When a date chromatogram was dipped in a solution of Ehrlich’s reagent 
(1 g. dimethylaminobenzaldehyde, 2 ml. conc. HCI in 100 ml. ethanol) a bright yellow 
spot appeared immediately upon drying, possessing Rr values corresponding to those of 
citrulline. It was partially superimposed on the glutamine spot, which appeared after 
development with ninhydrin reagent. Authentic glutamine, histidine, or ornithine did not give 
a yellow spot with Ehrlich’s reagent. Since this amino acid had not been reported hitherto 
in fruit other than the watermelon, it appeared important to exclude the possibility of an 
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artifact. That citrulline could not have arisen from arginine during elution from the Dowex 
50-8X column with ammonia (cf. Fox, 2) was shown by passage of authentic arginine 
through this resin under identical conditions which produced, however, no trace of citrulline. 
Acid hydrolysis (date extract + 1 volume of conc. HCl heated at 100° C. for 18 hours) 
converted citrulline quantitatively to ornithine, while arginine was not affected by this 
treatment. Alkaline hydrolysis under the conditions described above, on the other hand, led 
to complete degradation of arginine to ornithine while citrulline remained apparently 
unaffected. Authentic citrulline likewise withstood destruction under these conditions. 

5-Hydroxypipecolic acid. This amino acid, which was first discovered by Gartler 
and Dobzhansky (3) and later isolated by Virtanen and Kari (17) and independently by 
Grobbelaar (5) and Grobbelaar et al. (4), was obtained from dates by a procedure 
recently described by Witkop and Foltz (19). Its hydrochloride had mp: 218-222° C. with 
decomposition (uncorrected). On sublimation in vacuo it lost hydrochloric acid and gave 
the free amino acid. The Rr values for 5-hydroxypipecolic acid in tert.-butanol: water: 
formic acid/phenol : water : ammonia are 0.49/0.68. It gives a red violet characteristic stain 
with ninhydrin similar to pipecolic acid, a sky blue spot with isatin and a deep burgundy- 
colored stain after successive treatments of the chromatogram with Ehrlich’s reagent and 
ninhydrin. This stain remains without fading for many months. 

y-Aminobutyric acid. This amino acid was identified by its Rr values and by co- 
chromatography with an authentic sample of this compound. It was observed that this amino 
acid, in contrast to valine from which it is difficult to separate with the solvent systems 
used in this work, gives a light yellow spot after development on the chromatogram with 
Ehrlich’s reagent. This stain develops gradually over a period of 24 hours or longer 
and does not represent a very sensitive test for y-aminobutyric acid. 

Proline. Was recognized by its Rr values, its characteristic yellow color with ninhydrin 
and dark blue stain with isatin reagent. 

Serine and glycine. The identification of these two amino acids which are 
difficult to separate from one another was based mainly on the relative positions of the 
ninhydrin spots on the chromatograms. Pronounced differences in intensity of the two 
spots fortunately facilitated their distinction considerably. Glycine was also recognized by 
its green coloration with the phthalic dialdehyde-urea reagent (1). 

Alanine. The identity of this amino acid was ascertained solely by its Re values and by 
co-chromatography with authentic alanine. 

Baikiaine. The presence of trace amounts of this very rare amino acid in yellow 
dates was indicated by an orange-vellow spot (5) with the approximate Re values of 
0.55/0.84 in the above solvent systems. It could not be detected in extracts from dates 
at other stages of maturity. 


DISCUSSION 


As this investigation was primarily concerned with the possibility of amino 


acid participation in browning reactions, our interest was focussed mainly 


on gross changes of the amino acid composition during normal and excessive 
pigment formation in the fruit. Accordingly, variations in the relative amounts 
of each constituent during the indicated ripening phases were roughly es 
timated by visual comparison of their spot intensity on two-dimensional 
chromatograms (Fig. 1.). Such variations are represented by the shaded areas 
in Fig. 2. Examination of this table reveals definite trends in the amino acid 
pattern during maturation. Thus, aspartic and glutamic acid, serine, leucine 
and pipecolic acid decrease while y-aminobutyric acid, glycine and proline 
increase during the ripening process (green-yellow-red-brown). Alanine, 
citrulline and 5-hydroxypipecolic acid show little change. The most striking 
feature in this panorama of free amino acids in the ripening fruit is, however, 
the sudden and sharp rise of glutamine, arginine, and glutathione during 
the red phase and their decline in the brown stage of maturing. This trend is 
continued in the mature fruit during deterioration on storage to a black-brown 
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date of inferior flavor and quality. Glutamine is absent entirely at this stage, 
glutathione has decreased to a low level and asparagine as well as most other 
amino acids appear to have diminished somewhat in concentration. The most 
evident change during this phase is, undoubtedly, the drastic reduction of 
aspartic and glutamic acid which gave prominent spots — although of steadily 
decreasing intensity — throughout the maturing period. The significance of 
these observations in relation to browning and excessive darkening will, of 
course, not become apparent until a study of other constituents (tannins, 


organic acids etc.) involved in these processes has been completed. However, 
the reported decrease in pH value (12) which parallels the progressive darken- 
ing of ripe dates on storage may well be relevant to the above findings. 


It is generally held that the most important coloring matter in dates arises 
from the tannins located in the epiderm and first layer of the hypoderm. These 
compounds are oxidized by a polyphenolase during ripening as pointed out 
above and yield insoluble dark products. However, continued darkening 
after thermal destruction of the enzyme can be observed and it is thus likely 
that other as yet unknown reactions may be involved in the formation of these 
dark pigments. Indirect evidence mentioned in a report on structure and 
chemical factors in relation to fungus spoilage of dates (16) and some 
preliminary chromatographic results obtained with date extracts by Jurd of 
this laboratory indicate the presence of phloroglucinol or similar phenols in 
the ripe date. The possibility of a Maillard-type interaction between such 
phloroglucinol derivatives and amino acids to give dark colored products 
has been pointed out recently by Rinderknecht and Jurd (10) who demon- 
strated the formation of dark products in several buffer solutions (pH 6-8) 
of phloroglucinol and glycine on standing at room temperature. Although 
experimental evidence for the occurrence of this reaction in ripening fruit 
is as yet lacking, the presence of phloroglucinol derivatives in fruit and the 
results of the above model experiments provide a rational basis for the 
investigation of such an interaction in plant material. 

On comparison of the free amino acid chromatograms obtained in the 
present study with that reported by Grobbelaar et al. (4) several notable 
differences become apparent. Weak spots representing threonine, lysine, valine, 
B-alanine and homoserine are indicated on the chromatogram of these authors, 
but no supporting evidence for their identity is given. We have been unable 
to confirm the presence of these amino acids in our date extracts. We have, 
on the other hand, reasonable chromatographic and chemical evidence for 
the occurrence in our date extracts of glutathione, glutamine and citrulline. 
These amino acids, although present in fairly high concentration, are not listed 
by Grobbelaar et al. We also found high levels of arginine in all our extracts 
in contrast to the trace amount indicated on the chromatogram of the above 
authors. This, however, may be due to the use of Zeorex resin by the latter 
for purification of their extracts. Zeorex, a phenol-sulfonic acid resin is 
known to bind a large part of the basic amino acids irreversibly. Some of the 
differences mentioned above may also be due to the use of a different variety 
of date in the study by Grobbelaar et al. 

In conclusion, special mention should be made of two amino acids oc- 
curring in dates which are of particular interest although not connected with 
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the object of this work, i.e. citrulline and 5-hydroxypipecolic acid. The latter 
which occurs in relatively high and practically constant concentration in dates 
throughout the maturing period originates probably from 8-hydroxylysine (18) 
and raises numerous questions as to its metabolic role in plants. In view of 
the growth-inhibiting activity reported for its lower homologue, hydroxypro- 
line (14), a study of the potential anti-metabolite effect of 5-hydroxypipecolic 
acid might be rewarding. Citrulline which, up to the present has not been 
found in fruit other than the watermelon is an intermediate in the well known 
Krebs-Henseleit cycle of urea synthesis. According to Isawa (6), citrulline 
when given subcutaneously increases distinctly urine output in normal persons 
and animals. Its diuretic action is apparently mediated through increased urea 
formation by the liver. It is tempting in this connection to explain the 
therapeutic effect of watermelon juice in nephrosis in terms of its citrulline 
content. The role of citrulline in the biosynthesis of pyrimidines in the pigeon 
and rat has been investigated and reviewed recently by Smith and Stetten (73). 
Citrulline has also been found to possess cancer-inhibiting activity (8). Like 
nitrogen mustard N-oxide, azaguanine, 2, 4-bis-ethylene-imino-hydroquinone 
etc., citrulline caused depolymerization and degradation of deoxyri-bonucleic 
acid in cancer cells and disappearance of ribonucleic acid. It may be an- 
ticipated that further studies of the biochemical and physiological role of this 
important amino acid will yield interesting results. Elucidation of its function 
in the ripening date fruit might be one such contribution. 
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Riper tomatoes are soft in texture and tend to break up during canning. 
Kertesz et al. (9) reported that treating peeled tomatoes with small quantities 
of calcium salts improved the firmness of the canned product. This im- 
provement was attributed to the reaction of the added calcium with the pectic 
acid present in the fruit to torm a gel which supported the cell structure 
against the destructive action of heat. Thus, precise control of the calcium 
content of canned tomatoes is important to the quality and grade of the 
product. 

The official method for the quantitative analysis of calcium includes 
precipitating the calcium as oxalate from the ashed sample, and then titrating 
the oxalate with potassium permanganate or weighing the ignited product 
as calcium oxide (1). For determining certain metallic ions in foods, analysis 
by the flame photometric method has been shown to be more accurate than 
the colorimetric method (10). Reports on flame photometric determination 
of calcium (2, 3, 4,5,6), sodium, and potassium (3, 4,5,7,8,10) have been 
published. However, little is known of the applicability of this method to 
canned whole tomatoes. 

In the investigation reported herein, the flame photometric method was 
used to determine calcium, magnesium, and potassium in canned whole 
tomatoes. In addition, the versene extraction method of determining calcium 
is compared with the ashing method. 


MATERIALS AND METHODS 
Canned tomatoes. Commercial samples of whole tomatoes, packed in No. 303 
cans, were purchased from the market. The tomato-juice sample was produced during a 
previous investigation. 

Ashing. The entire contents of each can were disintegrated in a Waring blender. 
Duplicate 10-g. portions of the samples were weighed accurately in silica crucibles and 
evaporated to dryness on a steam bath. The residue was heated slowly on a hot plate 
until a slight charring occurred; it was then ashed in an electric muffle furnace at 525° C 
until a constant weight was obtained. The ash was weighed and then dissolved in 0.2 N 
HCl for subsequent determinations of calcium, magnesium, and potassium by flame 
photometry. 

Flame photometry. A Beckman DU spectrophotometer, adapted for flame analysis, 
was used (4) with the following wavelengths: Ca, 422.7 mu, low sensitivity; Mg, 285 
my, high sensitivity ; and K, 767 mu, high sensitivity with a blue filter. The pressures were 
adjusted to 10 p.s.i.g. for oxygen and 5 p.s.i.g. for acetylene. Standard curves were mad 
with concentrations of Ca = O, 50, 100, 200, and 300 p.p.m.; Mg = 0, 20, 50, and 100 p.p.m.; 
and K = 0, 300, 500, and 800 p.p.m. 

A phosphorus-sulfur-nitrogen (PSN) reagent was used for a better resolution of the 
peaks of the emission curve. This reagent contained 50 p.p.m. of P (HgPO4), 20 p.p.m. of 
S (H2SOx4) and 10 p.p.m. of N (HNOs). 


“Present address: Faculty of Agriculture, Zemun, Yugoslavia 
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If the concentrations of the unknown solutions were out of range, a diluent made 
from 700 ml. of 1.5 N HCl, 175 ml. of PSN solution, and 2,625 ml. of distilled water, 
was used. Twenty ml. of the sample solution (containing the salts) was pipetted into 
a test tube and mixed with 1 ml. of the PSN solution. The mixture was used directly 
for the flame photometry, and the results were expressed as milligrams of the element 
per 100 g. of the tomato product. 

Standard curve for calcium in a 1% versene solution. In the direct extraction 
method of calcium determination, the high sodium content derived from the tetra sodium 
salt of ethylenediaminetetra acetic acid (EDTA or versene) caused severe emission in- 
terference. A standard curve, made from a solution containing 0, 50, 100, 200, and 300 
p.p.m. of calcium in 1% versene, was constructed. Ten ml. of the synthetic juice, containing 
3.0% sucrose, 0.238% potassium, 0.010% magnesium and 1.0% versene, was used to make 
100 ml. of the standard solution. 

Flame photometry of calcium in versene solution. Ten grams of the tomato 
product was diluted to 100 ml. with a 1% versene solution in a volumetric flask. The 
mixture was centrifuged and filtered through a Whatman No. 1 filter paper. Twenty 
milliliters of the filtrate was mixed with 1 ml. of PSN solution and used for the 
flame photometry of calcium at 422.7 mu. The standard curve for calcium in the synthetic 
juice was used to compensate for the interference due to sodium, versene, magnesium, 
potassium, and sugar. 


RESULTS AND DISCUSSION 


Calcium, magnesium, and potassium in canned tomatoes. Flame 
photometric analyses of the calcium, magnesium, and potassium content 
of the canned tomatoes and juices are shown in Table 1. The ash content 


TABLE 1 


Flame photometric determination of calcium, magnesium, and potassium 
in canned tomatoes 








Product 


Soluble 
solids, 
Brix at 
a” Cc. 


Calcium, 
mg./100 g. 
(422.7 mp) 


Magnesium, 


mg./100 g. 
(285 mg) 


Potassium, 
mg./100 g 
(767 ma) 





9.9 


238.4 


Canned 6.5 44.3 
whole 
tomatoes 


Canned 
whole 
tomatoes 


Canned 
tomato 
juice 























of the whole tomatoes was lower than that of the juice. The difference 
was presumably caused by the sodium chloride, which was added to the 
juice only during the processing. The calcium content of the peeled whole 
tomatoes was about ten times higher than that of the juice, which indicated 
that calcium salt was added during canning. The magnesium content of the 
samples differed slightly. Potassium was found to be present in larger 
amounts than any other element. 

Extraction of calcium from canned tomatoes with versene. In order 
to test the applicability of the versene extraction method for flame photometric 
determination of calcium in tomatoes without the ashing procedure, the 
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same samples were analyzed for calcium content with and without ashing. 
It was discovered that the use of a 1% versene solution produced an error 
in the flame intensity of calcium. This was presumably caused by the presence 
of a large amount of sodium, which was introduced as the tetra sodium salt 
of EDTA during extraction. To compensate for the ionic interference and 
viscosity effect of versene on the emission intensity of calcium, a standard 
curve was constructed with calcium contents varying from 0 to 300 p.p.m. in 
1% versene and 10% by volume of a synthetic juice as described previously. 
The result is shown in Fig. 1. The relationship between emission intensity 





Intensity 
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ission 


Ee 
lu 


rm 
oa 








1 i 
100 200 
Calcium, p,p.m. 





Figure 1. Emission curve of calcium in 1% versene solution containing 10% 
of a synthetic tomato juice. 


and calcium concentration was not a linear function. This was probably due 
to self-interference, or to non-linearity of the light emission at different con- 
centrations of calcium as a result of self-absorption and altered dissociation. 
Radiation interference due to ionized particles could also have contributed 
to the non-linearity of the curve. Chow and Thompson (6) found similar 
results in the emission intensity of calcium at different concentration levels, 
and attributed these to a positive radiation interference with calcium emission 
by sodium. 

Flame photometric determination of calcium in tomatoes. Recently, 
Bauserman and Olson (2) reported on the flame photometric determination 
of calcium in sugar beet pulp by the versene extraction procedure instead of 
by the ashing method. In order to apply their method to the determination 
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of calcium in canned tomatoes, experiments were designed to test the accuracy 
of the versene method as compared with the ashing procedure. The results 
are shown in Table 2. It is apparent that versene extraction gave poorer 
results than ashing. Similar results were obtained by Bauserman and Olson 
(2) on the calcium content of wheat and milo. The calcium contents of these 
grains, as determined by the ashing procedure, were 0.052 and 0.036%, while 
those obtained by the versene method were 0.048 and 0.032%. It is not clear 
why the versene extraction method gave lower results, since the same sample 
and the same flame photometer were used in the analysis. The difference 
may have been due to: 1) incomplete extraction of calcium from the tomato 
pulp by versene; 2) radiation interference on the calcium emission due to the 
large amount of sodium or EDTA, or both; or 3) some unknown constituents 
in tomatoes which interfered with the calcium emission and were removed 
only by ashing. The accuracy of the flame photometric determination of 
cations in biological fluids is also dependent on 1) constant delivery of the 
sample to the burner ; 2) correction for interference in the flame; 3) accurate 
isolation of the emissions ; 4) atomization pressure; 5) solution viscosity ; 6) 
nozzle radius; and 7) temperature. Among these, the interferences due to 
other elements or molecular bands are more important than others. When 
many analyses of a few similar materials are to be made, the versene extraction 
method might be used for routine analysis provided the error due to inter- 
ference is properly compensated for. 


TABLE 2 


Flame photometric determination of calcium in canned whole tomatoes 








Versene Extraction 
Versene Extraction method (standard 
method (standard calcium solution 
calcium solution in 1% versene and 
with no versene) 10% synthetic tomato 
juice) 


Ashing 
method 








Sample S E. % 1 Calcium, > 9 Calcium, Calcium, 
mg./100 g. mg./100 ¢ mg./100 g 





A 75 44.0 112 : 44.3 
44.0 112 32. 44.3 








B 46.0 119 
46.0 119 

















1 Emission intensity for calcium at 422.7 mu 


Although the addition of calcium salts to peeled whole tomatoes could 
increase the number of intact tomatoes, and improve the texture of the 
canned product, an excessive amount could cause a bitter flavor and an un- 
desirable leathery texture (9). For quality control purposes, proper control 
of the amount of calcium in the canned product is necessary. 


SUMMARY 


The flame photometric method was used to determine the calcium, mag- 
nesium, and potassium contents of canned whole tomatoes. The samples 
used in this investigation contained 39.3 to 44.3 mg. of calcium, 9.9 to 11.8 mg. 
of magnesium, and 238.8 mg. of potassium per 100 g. of sample. The calcium 
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content of commercial canned whole tomatoes was about ten times higher 
than that of tomato juice, which indicates that calcium salt was added during 
canning. The versene extraction method and the ashing method were com- 
pared for flame photometric determination of calcium in canned tomatoes. 
The versene method gave lower results than ashing, presumably because of 
an interference in the calcium spectrum caused by the large amount of sodium, 
introduced as the tetra sodium salt of EDTA, and other constituents present 
in tomatoes. Factors influencing the emission intensity of calcium are dis- 
cussed. The importance of accurate control of the calcium content in canned 
tomatoes is also indicated. 
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Physical qualities of agar, pectin and gelatin gels are important because 
of the direct influence on general acceptance. Many methods have been 
developed to measure firmness of gels and the literature is extensive on this 
subject. The elastic properties of gels permit several types of measurements. 
These are essentially stress-deformation methods, for example, use of a 
plunger against the surface of the jelly (5), rupture of a slice of gel or the 
surface of the gel (1,2), resistance to movement of vanes placed in the gel 
when torque is applied (4,7), and change in height of a gel when unmolded 
using the instrument commonly called the “Ridgelimeter” (3,6). 

Food manufacturers are not interested in empirical tests of the kind 
mentioned as they are in “use” tests directly related to those properties im- 
portant to the consumer. The measurements can be completely arbitrary pro- 
vided they measure those qualities that are important. There are many ex- 
amples of so-called empirical methods which have been modified to give a 
“use test”. A notable example is the method which requires a simple measure- 
ment of change in height of an unmolded gel for a firmness determination (3). 

A popular method of serving gels is in the unmolded form. The consumer 
requires a firm gel that is easily unmolded and shows a minimum amount 
of relaxation or sag under its own weight. Non-melting type gels (agar, 
alginate, pectin) show pronounced initial sag but little or no further decrease 
even at room temperature. In such gels the total change is due to relaxation 
of the elastic forces. Melting type gels (gelatin) show initial sag and in 
addition when above a critical temperature there is further decrease in height 
due to melting. The measurement of the change in height by a micrometer 
measurement gives an incomplete characterization of the gel. The change 
in the base of the gel, the tilting and other changes in the shape of the 
gel are important and absent in such simple measurements. To distinguish 
between sag due to relaxation of the elastic forces and sag due to melting 
effects, the terms “initial sag” and “thermal sag” are used in the Jell-O 
Division Research Laboratories. 

Photographs of the unmolded gels taken at periodic intervals were used 
in the past to record the changes taking place. This proved to be a practical 
method but it required more or less subjective measurements to identify 
small improvements or deficiencies. It was also difficult to systematically 
follow the effects of formula variations such as pH and concentration. 

This laboratory investigated several alternative methods for the objective 
measurement of sag and change of shape of unmolded gels. The Ridgelimeter 
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was found to be satisfactory only for relatively firm gels which show mostly 
initial sag and little or no thermal sag. This limited its use in experimental 
work where a wide range of gel properties are encountered. 

Some modifications of the Ridgelimeter were evaluated such as (a) micro- 
meter depth reading and change in base, (b) casting of shadow lines of the 
mold on a frosted glass plate and direct tracing of the lines or (c) photograph 
of the gel in front of a scale marker to show height. None of these modifica- 
tions were adequate for our purposes. Accordingly, this laboratory developed 
a special test cabinet designed to: 


(1) be capable of obtaining a complete outline of the unmolded gel, 
(2) have automatic features to correct for tilting and distortion of the un- 


molded gel, 
(3) have flexibility so that several different samples can be run at the 


same time, 

(4) make measurements under fixed conditions of temperature and 
relative humidity, and 

(5) have facilities to change conditions readily. 


Equipment and Methods 


General. The special test cabinet consists of a series of 4 temperature-and humidity- 
controlled test compartments each of which have provisions for casting a succession of 
shadows on the same photographic plate without disturbing the sample or opening the 
compartment. These measurements can be made over a wide range of temperatures and 
relative humidities. A front panel view of the test cabinet showing general compartment 
detail is given in Figure 1. 

The test cabinet can be broken down into two essentially independent parts: the 
atmosphere control section and the test compartment section. The atmosphere control 


Figure 1. Test cabinet 
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section consists of the electronics, the duct work am the other components necessary 
to adjust and control the atmospheric conditions desired in the test compartments. The test 
compartment section consists of the mechanical, optical and photographic accessories which 
make possible the recording of the sag and change of shape of the unmolded gels under the 
specified conditions. A detailed description of each portion follows. 

Atmosphere control section. The physical layout and the operation of the atmos- 


phere control section of the test cabinet can be best described by reference to the Air 
Flow Schematic (Figure 2) and the Control Circuit Schematic (Figure 3). 

The desired temperature and relative humidity is translated into the equivalent dry 
and wet bulb temperatures. The air from the test compartments and the accompanying 
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Figure 3. Control ci-cuit schematic. 
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control system is recirculated as shown until the desired conditions are attained. This is 
determined by the wet and dry bulb temperatures which are measured and continuously 
recorded independent of the control circuit. Once the desired cabinet conditions are obtained, 
the sensitive controllers and their accessory control circuits maintain these conditions by 
automatically compensating for any drift, losses, change in ambient conditions, etc. 

The air to be conditioned passes over refrigeration coils (Figure 2) whose function is 
two-fold: cooling and dehumidifying, then over a heating coil which warms and, finally, 
over a steam jet which humidifies. By a proper split of these opposing adjustments adequate 
control and adjustment of the conditions are attained. In addition, the outputs of the 
various components of the conditioning circuit can be adjusted to allow rebalancing of the 
system when extremes of internal and external load occur. 

Details of the control circuit are shown in Figure 3. It consists of a conventional 
thyratron control circuit in which the grid regains control each cycle and which is biased 
below cut-off until the preset contacts of the thermoregulators are shorted out by the 
mercury column. 

Examination of the control circuit shows that it can be operated with the heater, the 
steam jet or the refrigerator on continuously, if desired. The diagram as drawn is witl 
all switches set for fully automatic control. 

An additional helpful control is that of the single-action, normally closed thermo-switch 
on the refrigerator solenoid. Its sensing element is on the cooling coils and is preset at a 
temperature above 32° F. When the temperature of the coil surface drops to this preset 
point the refrigeration stops regardless of any signal from the control circuit. The 
advantages of this additional control are: prevention of frost build-up, avoidance of too-rapid 
lowering of temperature or humidity and minimization of excessive temperature under-run 
due to residual coil heat-removal capacity. 

Test compartment section. The general layout of the test compartments is schem- 
atically represented in Figure 4. It consists of a light-tight compartment painted black 
on the inside through which the conditionel air flows, and which contains the light, mirror, 
sample pedestal and photographic plate holder to record the outline of the gel at specified 
intervals. In operation the sample is placed upon the turntable, the turntable is started, a 
4 X 5 photographic plate holder is placed in position and the shadow outline of the gel is 
recorded on the film by turning the light on for the desired length of exposure 

The turntable is used to prevent anomalous results in those cases in which the unmolded 
gel may sag in a given direction rather than settling perpendicularly. The turntable speed 
is such to allow a full revolution of the sample during the time exposure on the photographic 
film. Thus, if the sample has become skewed, it will show in the shape of the outline. 


















































Figure 4. Schematic of test compartment. 
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Previously, samples were positioned in the best profile by hand and if the gel fell other 
than in the direction of the plane of view it had to be discarded. 

The photographic technique to record successive changes in sag and change of shape 
depends upon a low intensity light source coupled with a very slow photographic film. 
An ordinary instrument panel light bulb is used as the source and it is connected to a 
rheostat to permit optimum adjustment of the light intensity. The film is Kodak contrast 
ortho process film or its equivalent which will permit several 5 to 10 second exposures in 
this light before complete exposure. In addition, the Graphlock film holder on the front 
of the compartment is equipped with a ground glass plate and a collapsible light hood which 
can be used for visual observation of the sample when the film holder is not in place, if 
desired. 

Each compartment can be operated independently of the others with respect to time 
cycle on the successive shadowgraphs of the sample under study. This is made possible 
by the individual light and turntable controls for each compartment. Thus, a whole series 
of measurements on a wide variety of gels can be made at the same time under the same 
temperature and humidity conditions without adherence to a rigid schedule. 

The cabinet can be operated from 40 — 100° F. and provide relative humidities in the 
range 50 — 95% R.H. at 40° F and 15 —90% at 100° F. The wet and dry bulb controllers 
will not vary more than +0.5° F from their preset control points. The combined tolerances 
are of the order of +1° F. The variation in relative humidity corresponding to this precision 
varies from +3% at 100° F to +8% at 40° F. 

One other proposed modification is planned for this apparatus. It is a programming 
device to automatically take the film exposures at preset times. It would consist of a cut-out 
disc having precut notches at given intervals which would be attached to a clock mechanism 
and would turn the light on and off at the specified times to complete a full experimental 
cycle without further attention by the operator. 

Preparation of gels. A special aluminum mold cup is used which differs slightly 
from the common household type. It is unflanged, unfluted and has a capacity of 85 ml. The 
mold can be fitted with a sideboard, usually masking tape, to protect the gels when they are 
setting in a refrigerated water-bath. The inside of the mold is coated with a silicone 
emulsion to permit easy removal of the gel from the mold without heat or shaking. The 
gel solution is poured to the rim of the mold cup and in the case of gelatin desserts, 
the mold is placed in a refrigerated water-bath at 10° C. for 17 hours. 


Figure 5. Typical shadow graph. 
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After the gel has set it is removed from the mold cup and placed on a plastic disc. 
This disc is scored with a series of concentric lines which are used as guides to center the 
unmolded gel. 

Procedure for measuring sag and melt. The first exposure is that of the inverted 
metal mold cup on the plastic disc prior to removal of the gel. This gives a shadow line 
of the original mold which is used as the reference to measure initial sag. After the initial 
height of the mold is recorded on the photographic plate, the gel is slipped out and centered 
on the disc and a second exposure is taken after 2 minutes. Additional exposures of the 
unmolded gel are taken at fixed time intervals as it melts inside the test cabinet. The 
intervals are usually 10 minutes for gelatin gels, however, longer intervals are used for 
slower melting gel systems. A typical multiple exposure on one photographic plate for the 
sequence of sag and melting is shown in Figure 5. The shadow lines of the metal mold 
cup and the unmolded gel at various stages of melting can be traced directly from the 
negative of the photographic plate as shown in Figure 6. 

The difference in height between the metal mold and the u;,molded gel (Figure 6) 
measured to the nearest 0.5 millimeter represents initial sag. T)\)is difference is directly 
proportional to the firmness of the gel. 

Melt indexes are measured as the difference in height betwee: the unmolded gel after 
initial sag and after the various time intervals for melting 


Metal Mold Cup 
oe Unmolded Gel 


— 10 Minute Melt 
—— 20 Minute: Meit 


—%30 Minute Meit 





Initial 
Sag 
































Figure 6. Initial sag and thermal (melt) sag of unmolded gels. 


RESULTS AND DISCUSSION 


The procedure outlined above provides a method for the evaluation of 
sag and melt of unmolded gels which is considered by this laboratory to be 
reliable for experimental work. The results of a typical test of an unmolded 
gelatin gel repeated on 6 different days are given in Table I. 

These data demonstrate the reproductibility that can be realized on different 
days by the use of this method in the special test cabinet. The variation in- 
creases markedly after 30 minutes of melt as shown by the increase in 
standard deviation, «. Part of the day-to-day scatter is due to differences 
in rate of melt. Best precision is obtained in side-by-side tests in adjoining 
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TABLE 1 


Sag-melt measurements, unmolded gelatin gels 
repeated tests to measure precision 








Decrease in height of unmoided gel at 70° F. 





Initial sag . . 
10 min. melt 20 min. melt 30 min. melt 
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compartments of the test cabinet. The variation increases markedly at tem- 
peratures above 70° F., or when gels of only moderate firmness are tested. In 
such cases the gels soften rapidly and severe distortion of the shape of the 
unmolded ge! occurs. 

Effect of temperature on gelatin gels. The procedure outlined was 
to determine a critical temperature to evaluate gelatin gels. A series of molds 
were prepared with two widely different gelatin formulations. The gels were 
set in a water-bath to a constant firmness and then removed and measured 
in the test cabinet at temperatures of 50°, 60°, 70°, 80° and 90° F. The results 


for two gelatin gels are plotted in Figure 7 to show the decrease in height of 
the unmolded gels after standing 30 minutes. It can be seen there is a slight 
change between 50° and 60° for both gels. At 70° F there is some indication 
of difference in melting rate, however, at 75° and 80° the differences are 
pronounced. Gel I undergoes 10 mm decrease in height after 30 minutes at 
75° F compared to 4 mm for Gel II. 


Similar experiments were run at different relative humidities in the tem- 
perature range of 50-80° F. No systematic differences in sag or melting 
could be attributed to relative humidity. 


The method which employs the use of the test cabinet can be adapted to 
many applications in experimental and control work. The method can be used 
to clearly differentiate between sag and melt. It can also be used to determine 
melting temperatures of different gel systems. The effect of cycling is another 
important consideration in the evaluation of gels, especially for the difference 
in temperature between a consumer’s refrigerator and the dinner table. The 
study of unmolded gels under different temperature cycles can be readily ac- 
complished with this instrument. 


The numerical ratings obtained from the measurements permit quantitative 
evaluation in the study of the many factors and their inter-relations that in- 
fluence the setting and melting properties of gel systems. The study of these 
factors in terms of the performance of unmolded gels is a critical and a prac- 
tical evaluation that is directly related to the acceptance of the product by the 
consumer. 
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Figure 7. Effect of temperature on melt of gelatin gels. 


SUMMARY 


The study of gel systems for dessert products has attracted attention to 
the relaxation and melting characteristics of unmolded gels. Pectin, alginate 
gels and others of the non-melting types can be characterized by relaxation 
or sag measurements only. Gelatin gels exhibit both sag and melt at tem- 
peratures above 70° F. 

The sag and change of unmolded gels can be measured by obtaining a 
series of shadowgraphs on a photographic plate. Graphic translations of the 
shadow lines enable objective measurements which are useful to study melting 
and relaxation characteristics of gels. 

A special test cabinet was designed for these measurements. It consisted of 
a series of compartments containing sample platform and a light source to cast 
the shadow of the gel on a photographic plate. The design includes provisions 
for casting a succession of shadows on the same photographic plate without 
disturbing the sample or opening the compartment. Each compartment can 
be operated independently with respect to time cycle. In addition, the measure 
ments can be made over a range of temperatures and relative humidities. 

Many applications are possible by the method in conjunction with the test 
cabinet to evaluate gel systems. The separate measurements of sag and melt 
at different temperatures can be used to give a complete description of the 
performance of unmolded gels in the consumer’s home from the refrigerator 
to the dinner table. 
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In almost every phase of the industrial processing of food, the physical 
factors of heating and cooling are involved at some point in the procedure. 
The need for improving heat transfer has led to the development of much 
specialized equipment. The level of viscosity of many fluid food products is 
sufficiently high to prevent turbulence under practical rates of flow, and 
therefore, the generally low heat transfer coefficients associated with stream- 
line flow are common in food processing equipment. 

For Newtonian liquids in streamline flow (laminar), equations have been 
developed which are employed in the design and operation of heat exchangers 
(3). However, many food materials are plastic or pseudoplastic and the equa- 
tions developed for Newtonian materials are not applicable to this type of 
fluid. A pseudoplastic fluid is defined as one for which there is no yield value 
and for which the ratio of shear stress to shear rate decreases with increasing 
shear stress or rate. A plastic fluid has a yield value (e.g., mayonnaise). 

Methods for determining the flow characteristics of pseudoplastic mate- 
rials are reported in the literature, of which reference (1) is an example. 
This paper is concerned with an investigation of the heat transfer behavior 
of fluids in streamline flow that are predominantly pseudoplastic in character. 


DEVELOPMENT OF MATHEMATICAL EXPRESSIONS 


The rate of heat transfer to a fluid flowing through a tube can be ex- 
pressed by the following equation which, though not in conventional form, is 
well suited to studies on the relatively viscous materials considered in this 
work wherein both the outside local coefficients and the wall conductance are 
very high compared to the local inside coefficient which is sought: 


1 _ ain as — 5 i —— a 
q== we, (Tz — 71) = U, Ay oT re = - 
3 ro!) 





xA, A 


1 


Ut KwAm Arh 
° 
where: q = rate of heat transfer (Btu’s/hr.) 
W = flow rate (lbs./hr.) 
C, = specific heat (Btu’s/lb. — °F) 
T,; = inlet temperature of fluid (°F) 
Tz = outlet temperature of fluid (°F) 


* Contribution No. 337 from the Department of Food Technology. 
> Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 


Chicago, May 27, 1958. 
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= average outside wall temperature of tube (°F) 
outside heat exchange area (sq. ft.) 
= inside heat exchange area (sq. ft.) 
= mean heat exchange area (sq. ft.) 
Btu 
(hr.) (sq. ft.) (°F) 





heat transfer coefficient ( 


tube wall thickness ( ft.) 
hermal conductivity of tube ( — 
thermal conductivity of tu (hr.) (sq. ft.) (°F) ) 





= local heat transfer coefficient of fluid within tube 


The problem usually is to calculate the fluid outlet temperature for a given 
set of conditions or possibly the conditions necessary to attain a certain 
outlet temperature. 

The term which is the most difficult to determine is the heat transfer co- 
efficient associated with the pseudo-plastic fluid which, in this case, is within 
the tube. 

Sieder and Tate (6) correlated heat transfer data for viscous Newtonian 
fluids in forced laminar flow using the empirical equation : 

83° 14 
mM} (a) (3) 
~~ ky Hew 
where: h = heat transfer coefficient 
D = tube diameter 
K = thermal conductivity of fluid 
W = mass rate of flow 
Cy = specific heat of fluid 
p = density of fluid 
Pa = viscosity (bulk average temperature ) 
bw = viscosity (wall temperature ) 


The dimensionless group (-&.) was required to correct for the influence 
Ha 


of temperature on viscosity and consequently on the flow pattern. 


Equation (3) was suggested for use with viscous materials where ey was 


large and natural convection currents small (4). 


Pseudoplastic fluids 


It is possible to use the same approach to determine an empirical equation 
for pseudoplastic fluids which expresses the heat transfer coefficient “h” as a 
function of the other variables involved. 

Scott Blair (5) and Merrill (7), to cite only two among many, found it 
possible to characterize pseudoplastic fluids by the equation 


*U! includes the following resistances to heat transfer: (a) tube wall, (b) fluid 


within tube. The reason for having a coefficient U1! as defined will become evident from 
the description of the experimental apparatus. ° 
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~ dy 
acta ( dé ) 


where: = shear stress 


T 
b proportionality factor 
d 


= rate of shear 


1 


s = constant 


Equation (4) is not valid at zero rate of shear. The lowest rate of shear 
which still conforms to equation (4) depends on the fluid. Ammonium algi- 
nate solutions can be correlated by equation (4) with single values of b and s 
over the range of 100 to 20,000 sec", and by only slightly different values over 
the range of 0.1 to 42 sec™ of shear rate. 

For pseudoplastic materials “s” theoretically can vary between the values 
of Oand 1. For polymer solutions that have no yield value a value of “s” less 
than 0.4 has not been reported in the literature as yet. For solutions of free- 
draining polymers the variation of “s” with temperature over limited ranges 
of temperature in the fluid studied herein, is shown in Table 2. From the 


TABLE 2 


Values of the pseudoplasticity constant s as a 
function of temperature for various materials 








Value of r ¥ 


Material Temp. ° F Value of s at 1000 1/sec = do 


(dynes/cm2) X 10-3 








Ammonium alginate 76 : 3.70 
(3.37%) 90 
105 
113 
130 
Ammonium alginate 77 
(2.00%) 91 
107 
115 
131 
Applesauce 72 
90 


Banana purée 


Ammonium alginate 
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data shown therein, it appears reasonable to use a single average value of “s” 


over a range of 50° F for purposes of the correlation described below. When 
equation (4) is fitted to fluids in the upper range of shear rates that have a 
yield value (i.e., certain kinds of plastic fluids), apparent values of “s’’ con- 
siderably lower than 0.4 can result. 

The proportionality factor “b” appears to vary with temperature in a 
manner analagous to the variation of viscosity with temperature. The plot 
of the log b vs. the reciprocal of the absolute temperatures appears to be a 
straight line (Merrill (7) ). This is the basis of the correlation shown in 


Figure 1. 


1000) 











D (dynes /crn?) (sec)? 





4 A 


0016 OI? 008 
VT (eR) 





Figure 1. Variation of log proportionality factor, b with the reciprocal of abso- 
lute temperature for various materials. 
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When s = 1 equation (4) reduces to the form which characterizes a New- 
tonian material and b = up. 


T . - . . . e . 
The term Tay ' defined as the apparent viscosity and is a function of 
dy 
( x) 
One method of correlating data for laminar flow heat transfer in 


a oe ae dy 
pseudoplastic liquids is suggested by substituting (; st) for pa, and 
a 
/ dy . ‘ , 
(” x) for py in equation (4). 
dé/ w 


Ha 


Pw 


The purpose of in equation (3) is to correct for variations in viscos 
ity due to temperature variations along the tube radius and the subsequent 
deviation of the velocity profile from a parabola. 

The velocity profile of a Newtonian fluid flowing in isothermal flow is 
parabolic. However, a pseudoplastic material flowing in a tube does not 
exhibit a parabolic velocity profile even in isothermal flow. It appears that it 
might be possible to correct for the deviation of velocity profile from a para- 
bola due to pseudoplasticity as well as temperature variation along the tube 
radius by employing the ratio: 


° . . AL 
since this is somewhat analagous to( 4) - 
Pw 


In considering the isothermal flow of a pseudoplastic fluid such as a 3.3% 


, , , r/ dy ; 

ammonium alginate solution, it becomes apparent that ( “J varies 
( 

, : , ial amen Sa dy 
with the velocity of the fluid. This is demonstrated by the curve r vs. 40 

( 

= : ; dy . 

(Figure 2). At low rates of shear (100 sec"), the ratio r is relatively 
; 
high (1000/100 = 10 poises ), whereas at 8000 sec™ it is 10,000/8000 = 1.25 
poises. Thus, under a uniform shear rate of 100 sec", the particular pseudo- 
plastic fluid would correspond to a Newtonian fluid with a viscosity of 10 
poises, whereas at 8000 sec’ it would behave as a Newtonian fluid with a 


viscosity of 1.25 poises. 


The variation of ( r ) along the radius may be determined from 


\ dé 
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Figure 2. Comparison of Newtonian honey with pseudoplastic ammonium 
alginate on shear stress rate of shear diagrams. 


a consideration of forces acting on an annular cylinder fluid with a differential 
thickness as the fluid flows through a straight tube. 

APrR? = 7(27RAL) (5) 

In the case of pseudoplastic fluid that followed the empirical relation 


dy dV “ ; ner , 
t=b 7 =b 7D Merrill (1) found that substitution of 
dé dR 


this relation in equation (5) followed by integration, yielded: 


; 4AP/AL\ 1/, /Rw"/,*)) - 
v= 2b . 7 


where: R, = tube radius 
Vv= point velocity 
From this the volumetric rate of flow was found to be 


oe es 


R 





AP 


Thus, from equation (7) + = —_ 
AL(2) 


) and by rearrangement of equation 


9 1/, , dV 
(4) dy — (— . For straight tubes dy = dV where V = velocity 
dé b ; dé dR . 
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and R = radial distance from axis. 
Therefore: 


( 4) st ( x) = (AP/2AL)® (8) 
esse) = | t/-——)} — ‘s 

de ‘dR [(AP/2AL) (4) ] 

Equation (7) may be used to calculate AP/AL for a given volumetric rate 
of flow, and equation (8) is an expression for the radial distribution of 


* (dy dV 
(+) — (<<) in straight tubes 





1V , , ; : 
( ha . If AP/AL has the dimensions of dynes/cm* and R, in cm., 
an 


,dV . : 
then { 1/ TR can be expressed in poises. 
an 


In order to evaluate the bulk average ratio it was decided to employ the 
average of the fluid flowing, since in equation (3) is evaluated at a tempera- 
ture associated with the velocity average of the fluid, e.g., the ““mixing-cup” 
temperature, defined as: 


Tme = 


Ry 
f. 2nRdRVT 
R 


w 


| oo 


oO 


where V is the point velocity and T the point value of temperature at any 
radial distance R. 


. : dV 
Mathematically, the bulk average ratio of (=, a, may be expressed 
a 


by 


Rw 


_& 
(«/5) Savrar=J 2 (-/)vrar 
dR/ q . dR 


0 ) 


Substituting from equations (8) and (9) and integrating 


— if «3 
(88) [et Yo gp te | 
7 aR = ~ |(AP/AL) , | ba | (3-17,) (2) (Rw C773) (11) 





From equation (8) 
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Combining equations (11) and (12) 


( >) 

t/— | y 

dR ‘ . 

a? Se —_—— ; 13 

AV) (13) 
vdR/ « 


A means of correlating heat transfer data for pseudoplastic liquids in 
laminar flow is suggested by equation (3). 
By substituting equation (13) in equation (3) this becomes 


| > (WG \ .s3 / Da (3 +1/,) ) 14 ‘al 
Kk = Ky oy (3 —1/,) (2), 


In the analagous Sieder-Tate expression for Newtonian fluids, the vis- 
cosity #a was evaluated at the bulk average temperature, and p» at the wall 
temperature. 

To continue the analogy, b, was evaluated at the bulk average temperature, 


by at the wall temperature, while as previously mentioned, “s” appears to be 
essentially independent of temperature. 


dV 
( ¥ x), 
(+5) 
7 dk w 


and (12). It is noted from equation 
dV 
ofa 
(-/iz), 
dV 
ofan 
( aR ) - 
which, resulting from the integration, is not encountered if the graphical 
solution of equation (13) is used and a small central core of fluid is arbitrarily 
neglected. 

It was explained previously that equation (4), which underlies the above 
analysis is never valid at s =O and therefore at R=0O. To disregard the 
equation close to the axis is not a simplifying assumption, but rather an abso- 
lute necessity in the light of physical reality. In contrast, equations (6) and 
(7) may be integrated from R=O to Ry after substitution of equation 


(4), provided that equation (4) fits the rheology of the fluid beyond, say, 
R= .01 R,. This particular integration is not sensitive to the error in the 


The value of may be solved graphically using equations (10) 


becomes infinite. This is a peculiarity 


(14) that when s = 1/3, 


d; — ; : dy 
+ vs. — relation inherent in equation (4) near ——0 
dé dé 


In the graphical integration a plot is made of 
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2 i; a 4] 2-1, — 
(amar) bY, |(Re + ’) (R ) eo Re | vs. R_ between the 


limits of R= Oand R= Ry. The area under the resulting curve is related to 


( ‘= ) (see Fig. 3). If “s” is less than 0.5, at R =O the curve goes 
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Jar as a function of r for evaluating 


dV | 
Iw 


Gn iw 


0 


to infinity. To overcome this as previously explained, a lower limit of R = 
.01 Ry is chosen and the curve graphically extrapolated to R = 0. Physically, 
this assumes that neglecting the volume associated with regions close to the 
center will not affect the overall average appreciably. 

It is noted that both the analytical and graphical solution checked for 


cases where s = 0.477 and s = 0.458. * 


EXPERIMENTAL 


A. The recycling heat exchange system 


The experimental apparatus used for determining the experimental heat transfer 


coefficient is illustrated in Figure 5 
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Figure 4. Variation of log shear stress with log rate of shear for banana puree 
(S = 0.458) at various temperatures 
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Figure 5. Arrangement of heat exchange system. 


The fluid is pumped through a calming section, as used by Sieder and Tate (6), before 
entering the heat exchanger. Immediately after leaving the heat exchanger, the fluid 
passes through a baffling system which thoroughly mixes it. The exit temperature of the 
fluid is measured after it is mixed by the baffles. 

The fluid is then passed through a cooling section and then back to the pump to be 
recycled. 

The rate of fluid flow was measured by diverting the flow from the cooling section to 
a bucket on a balance. The weight for a given time interval measured by a timer was 
determined. The mass rate of flow was assumed to be constant with time since a chain 
drive Vari-drive motor was used to power the pump. 

Thermocouples placed at various points along the tube wall in the heat exchanger per- 
mitted the determination of the tube temperature 
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When inlet and outlet temperatures of the fluid, the outside wall temperature, and the 
mass rate of flow were known, it was possible to determine the heat transfer coefficient 
from equations (1) and (2). Tubes ranging in inside diameter from .25” to 1.00” were 
employed. 

The experimental heat transfer coefficients were checked with those calculated from 
equation (14). In order to employ equation (i4), it is necessary to know the heat capacity 
and thermal conductivity of the fluid. 


B. Determination of thermal conductivity 


A thermal conductivity measuring device was constructed from two pieces of Armco 
Iron, a commercially pure iron, each 2.00 inches in diameter and one foot long. 

To one of these pieces was attached a machined bakelite ring 0.001 inches high and 
two inches in diameter. Armco iron was used because it is pure and data on the thermal 
conductivity of this iron as a function of temperature was available. 

The iron with the bakelite ring was supported vertically in a ring stand and formed 
the bottom of the measuring device. The material to be tested was placed in the cell 
formed by the bakelite ring and the machined faces of Armco iron. The machined face of 
the other piece of Armco iron was placed on top of the bakelite ring to form the top of 
the cell and the top section of the measuring device. A ridge in the bakelite helped support 
the top section which was also supported by a ring stand. Copper-Constantan thermo- 
couples were located at various points along the iron cylinders. The top section of iron was 
heated while the bottom section of iron was cooled (Fig. 5). 


C. Viscometry 


The Merrill viscometer (2) was used to determine the shear stress rate of shear rela- 
tions of the fluids used in this study. 

In general, the accuracy of the data obtained from this viscometer was + 5% above 
a shear rate of 200-1. The shear rate at wall in these experiments varied from approxi- 
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Figure 6. Thermal conductivity measuring device. 
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mately 50 to 1500 sec!. However, cases in which the shear rate at the wall was less than 
200 sec™! did not result in any greater percentage error in the calculation of the heat 
transfer coefficient than did those cases where the rate of shear at the wall was greater 
than 200 sec-!. This indicates that the precision of viscometry information associated with 
rates of shear at the wall between 50 and 200 sec™! did not appreciably affect the precision 
of the heat transfer coefficient as calculated by equation (14). 

The viscometer is provided with internal circulation of water from a thermostatic bath 
which controls temperature at both the cylindrical surfaces. Therefore, measurement of 
the fluid at various temperature levels is relatively simple to achieve. 


RESULTS 


Equation (14) was checked experimentally with various pseudoplastic 
materials such as banana puree, apple sauce, 3.37% ammonium alginate 
solution and 2.00% ammonium alginate solution (see Fig. 4 and Table II). 

It may be reasonably argued that banana and applesauce may have a very 
small yield value as it is associated with a plastic material. However, the 
experimentally obtained curve of r vs. 5y/8@ over a wide range shows the 
unmistakable curvature of the pseudoplastic fluid. It is tentatively con- 
cluded that their low yield is of negligible effect under practical conditions 
of flow. 

The results using equation (14) indicate that the calculated values of “h” 
agree within + 24% with the experimental values (Table I). Perry, J. (4) 
noted that for analagous Sieder-Tate equation for Newtonian materials 
(or equation (14) when s = 1), the agreement is in the order of + 15. There- 
fore, agreement of the predicted values with experimental data within + 24% 
should be considered satisfactory. 

Equation (14) has been found to be satisfactory for calculating heat trans 
fer coefficients during the cooling as well as the heating process. 


SUMMARY 


An equation has been developed for determining the heat transfer co- 
efficients of pseudoplastic fluids in straight tubes. The calculated results 
agreed within 24% with experimental values. 
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FOLIC ACID METABOLISM IN GERMINATING SEEDS 
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It was reported earlier from this laboratory that folic acid (FA) contents 
of pulses (Leguminous seeds) decreased during germination (2) although 
other vitamins such as ascorbic acid (11), thiamine (6), riboflavin (12), 
carotene (3), choline (4), tocopherol (5), biotin and niacin (2), pyridoxine, 
inositol and vitamin K (1) and vitamin B,2 (15) increased during germ- 
ination of the seeds. It was of interest to study the factors which led to the 
diminution of FA contents of germinated seeds. 

It has now been established that FA is converted in the tissues into 
citrovorum factor (CF) (14,17) and ascorbic acid augments this conversion 
(13). As ascorbic acid contents of germinated pulses increased during 
germination it was possible that the diminution of FA might be due to 
its conversion into CF by the ascorbic acid which is synthetised by the 
pulse during germination. Folic acid is involved in the synthesis of nucleic 
acid (9,10). Ribonucleic acid (RNA) and CF contents of pulses were, 
therefore, determined both before and after germination. Preliminary in- 
vestigation indicated the absence of desoxyribonucleic acid in ungerminated 
and germinated seeds. 


EXPERIMENTAL 


Germination of the seeds. Nearly 1 g. of clean, dry and healthy looking seeds were 
weighed and kept in sterilized petri dishes. Two cc. of glass distilled water was added 
on the first day and 1 cc. on subsequent days and the dishes were kept away from 
direct sun light. Seeds were allowed to germinate at room temperature (30° C.) for 2 and 
4 days. 

Estimation of CF. Powdered ungerminated as well as the germinated seeds were 
macerated with water and transferred quantitatively into 50 cc. conical flasks, 5 cc. of 0.1 
M acetate buffer of pH 4.5 added to each of the flasks, autoclaved for 15 minutes at 
15 pound pressure, cooled, incubated with 2.5 cc. hog kidney enzyme preparation under 
toluene for 24 hours at 37° C., autoclaved again for 5 minutes at 15 pound pressure, cooled, 


TABLE 1 
Citrovorum factor contents of pulses (u per 100 g.) 
Figures are expressed in terms of the wet weight of the original 
seed taken for germination 








After germination 





ae Botanical name Ungerminated ee - 
9.5 
24.5 
19.0 
16.7 
14.2 
41.0 
46.2 





Cajunas indicus 27 
Chhola Cicer arietinum 124 
Khesari Lathyrus sativus 55 
Phaseolus radiatus 48 
Mator Pisum sativum 17 
Kalaii Phaseolus mungo 100 
Musur Lens esculenta 47 
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adjusted to pH 7, volume made up to 50 cc. with water and filtered. In the filtrate CF 
was determined using Leuconstoc citrovorum 8081 by the method of Sauberlich and 
Baumann (18) with leucovorin (Lederle) as the standard of reference. Since leucovorin has 
half the activity of CF the results were halved to represent them as natural CF. The results 
are given in Table 1. 

Estimation of RNA. Nucleic acids were extracted in the ungerminated and germinated 
seeds by the method of Schneider (19) and RNA was estimated by the method of Reeves 
and Munro (16). Results are given in Table 2 


TABLE 2 
Ribonucleic acid contents of pulses (g. per 100 g.) 
Figures are expressed in terms of the wet weight of the original 
seed taken for germination 








After germination 





Botanical name Ungerminated 
2 days 





Cajunus indicus .. 5.33 + 0.38 
Cicer arietinum .. 6.99 + 
Lathyrus sativus .. 4.11 
Phaseolus radiatus 5.14 
Phaseolus mungo . 6.54 








RESULTS AND DISCUSSION 


Of the different pulses studied and concentration of CF was comparatively 
high in Cicer arietinum and Phaseolus radiatus. CF values of all the pulses 
decreased during the process of germination. FA contents of pulses also 
decreased during germination (2), and this decrease could not, therefore, 
be ascribed to its conversion to CF although ascorbic acid contents of germ 


inated pulses were fairly high (11). RNA contents of Cicer arietinum and 
Phaseolus radiatus were high when compared to other pulses. With the 
exception of Phaseolus mungo RNA contents diminished in all the pulses 
when they were germinated. FA and CF are cleaved to a diazotizable amine 
after incubation with liver slices and hogogenates (7,8). It might be possible 
that FA and CF are cleaved during the germinating process and thereby these 
contents are diminished in the germinating seeds. 


SUMMARY 


Citrovorum factor and ribonucleic acid contents of some pulses (Legum- 
inous seeds) were determined before and after they were germinated for 2 
and 4 days. Pulses are good sources of these constituents. During the process 
of germination these values diminished. The diminished folic acid and citro 
vorum factor contents of germinated pulses might be due to cleavage of these 


substances during the germinating process. 
Acknowledgment 


Leucovorin and culture of Leuconstoc citrovorum were kindly supplied 
by Lederle Laboratories (India) Ltd. 


LITERATURE CITED 


1. BANERJEE, S., Ronater, K. S., BANERJEE, M., CHATTOPADHYAY, D. P., AND CHAT 
TOPADHYAY, H. P. Pyridoxine, inositol and vitamin K contents of germinated 
pulses. Food Research, 20, 545 (1955). 





334 BANERJEE, ROY, GHOSH 


. BANERJEE, S., Rouatcr, K. S., aNp Launiri, S. Pantothenic acid, folic acid, biotin 
and niacin contents of germinated pulses. Food Research, 19, 134 (1954). 

. CuatropapHyay, H. P., anp Banerjee, S. Effect of germination on the carotene 
content of pulses and cereals. Science, 113, 600 (1951). 

. CHatropapHyAy, H. P., AND BANERJEE, S. Studies on the choline content of some 
common Indian pulses and cereals both before and during the course of germination. 
Food Research, 16, 230 (1951). 

. CHattopapHyAyY, H. P., anp BANERJEE, S. Effect of germination on the total tocopherol 
content of pulses and cereals. Food Research, 17, 402 (1952). 

. CHATTOPADHYAY, H. P., Nanoi, N., AND BANERJEE, S. Effect of germination on the 
thiamine content of pulses grown in Bengal. Indian Pharmacist, 5, 121 (1950). 

. Drnnino, J. S., Srme, J. T., Wark, P. S., Atten, B., anp Day, P. L. Metabolic 
conversion of folic acid and citrovorum factor to a diazotizable amine. Arch. 
Biochem. Biophys., 66, 114 (1957). 

. FuTTERMAN, S., AND SILVERMAN, M. The inactivation of folic acid by liver. J. Biol. 
Chem., 224, 31 (1957). 

. Lowe, C. U., anp Barnum, C. P. The synthesis of pentose nucleic acids in the liver 
of PGA deficient megaloblastic monkeys. Arch. Biochem. Biophys., 38, 335 
(1952). 

. Metats, P., AND MANDEL, P. Action of aminopterin on the nucleic acids of the bone 
marrow of the rat; a quantitative study. C. R. Soc. Biol., 149, 1022 (1955). 

. Nanor, N., anp Banerjee, S., Effect of germination on the vitamin C content of 
pulses grown in Bengal. Indian Pharmacist, 5, 63 (1950). 

. Nanot, N., AND BANERJEE, S. Effect of germination on the riboflavin content of pulses 
grown in Bengal. Jndian Pharmacist, 5, 202 (1950). 

. Nicuor, C. A., anp Wetcu, A. D. Synthesis of CF from FA by liver slices. Augmenta- 
tion by ascorbic acid. Proc. Soc. Exptl. Biol. Med., 74, 52 (1950). 

PoHLaAnp, A., Ftynn, E. H., Jones, B. G., AND SHive, W. A. A proposed structure 
for folinic acid-SF, a growth factor. J. Am. Chem. Soc., 73, 3247 (1951). 

. Rowatat, K. S., BANERJEE, M., AND BANERJEE, S. Effect of germination on vitamin 
By2 values of pulses. J. Nutrition, 56, 403 (1955). 

. Reeves, R. E., anp Munro, J. Determination of pentoses., J. Industrial and Eng. Chem., 
(Anal. Ed.), 12, 551 (1940). 

. SauBerLicu, H. E., The effect of folic acid upon the urinary excretion of the growth 
factor required by Leuconstoc citrovorum. J. Biol. Chem., 181, 467 (1949). 

. SAUBERLICH, H. E., anp Bauman, C. A. A factor required for the growth of 
Leuconstoc citrovorum., J. Biol. Chem., 176, 165 (1948). 

. ScHNeE ER, W. C. Phosphorous compounds in animal tissues. J. Biol. Chem., 161, 


293 (1945). 





EFFECT OF LOW TEMPERATURES ON THE PHYSIOLOGY 
OF GRAPEFRUIT (CITRUS PARADISI MACFAD.) 


It is well known that temperatures below about 10° C., but above 0° C., 
may cause physiological disorders in tropical and subtropical fruits and 
storage organs of plants. It has been inferred that these physiological dis- 
orders are caused by interference with functions like respiration or with 
oxidizing reactions associated with respiration. Disturbance in respiration 
has been reported for papayas by Jones (5) and in cucumbers by Eaks and 
Morris (3). Miller and Heilman (7) found physiological breakdown in 
pineapples to be associated with a loss of ascorbic acid and suggested that this 
resulted from disturbances in cellular oxidation. 

Pitting of citrus fruits, a typical low temperature injury, has been the 
subject of many investigations (6). Several of these have been limited to a 
study of the effect of environmental factors, such as relative humidity of 
storage rooms, or the use of waxes and impregnated wrappers on the fruits 
(2,9). Few have dealt with studies of changes in constituents. One of the 
first to suggest that certain changes in the constituents are responsible for 
pitting was Nelson (8) but he too confined his efforts to observations on 
environmental conditions. Nelson produced typical symptoms of pitting on 
grapefruit by storing them in an atmosphere of nitrogen. He concluded 
that the disorder is a manifestation of suboxidation. Harvey and Rygg (4) 
were the first to study changes in the composition of the peel of grapefruit 
during storage. They reported that hydrogen ion concentration of the peel 
increased during storage at 32°, 42°, and 52° F. Changes in naringin content 
were not consistent. The amount of pitting was greater when fruits were 
stored at 42° than at 32° or 52° F. 

The purpose of the present investigation was to study the physiology 
of chilling injury in grapefruit, the approach being from a fundamental 
standpoint. Although several types of breakdown result from the chilling 
of grapefruit, “pitting” is perhaps the disorder most commonly encountered 
in commercial storage. Pitting is characterized by small indentations in the 
external surface of the rind. These sunken areas vary in size and shape. 
They may reach proportions of 10 mm. in diameter and 1 mm. in depth. The 
pits are seldom normal in color but range from yellow to dark brown. 


MATERIALS AND METHODS 


Three different experiments were conducted during the commercial grapefruit season 
of 1957-58. A crate of Florida grapefruit, size 80, was selected for each experiment, two 
of them being Marsh seedless and the third a pink-fleshed (Thompson) seedless. Sixty 
uniform fruits were selected for each experiment. These were divided into 4 lots of 15 
fruits each. One lot was analyzed immediately, the second was stored for 4 weeks at 10° C., 
the third for 4 weeks at 5° C. and the fourth was stored at 5° C. for 6 weeks. The 15 
fruits in each lot were divided into 5 samples for analysis in order to compensate for individual 
variation. 

Analyses were made of both segments and peel. Total acids were determined by 
extracting 100 g. of segments or peel with boiled distilled water and titrating with 0.10 
and 0.01 normal sodium hydroxide respectively. Total acid was expressed as grams of 
citric acid per 100 g. of fresh peel or segments. The method used in determining reduced 
ascorbic acid content of the fruits was identical with that recommended by the Association 
of Vitamin Chemists (1). This consists essentially of extracting the tissues with 6% 
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metaphosphoric acid and titrating with 2,6-dichlorophenolindophenol. The results were 
expressed as milligrams of ascorbic acid per 100 g. of fresh material. 

Measurements of pH were made on duplicate 50 ml. aliquots of filtrate from the 
peels and segments with a glass electrode, using a Beckman pH meter. 


RESULTS 


No consistent changes were noted in the total and ascorbic acid contents of the 
segments in any of these experiments. There was, on the other hand, a general tendency 
for total acid in the peel to increase during storage. (See Table 1). This occurred under 
all conditions in all experiments except in one instance; i.e., in the lot stored at 5° C. 
for 4 weeks in the second experiment. There was not only an increase in acidity in 
the remaining lots, but in most cases the difference was significant to the 1% level. Ascorbic 
acid likewise showed a tendency to increase during storage although the results were not 
so consistent as with total acids. An increase occurred under all conditions of storage in 
the first and third experiment only. Statistical significance was shown only in the lots 
of the first experiment. 


TABLE 1 
Changes in total and ascorbic acids in the rinds of grapefruit during storage 








5 at 5° ¢ 


Experiment Original 4 weeks 4 weeks 6 weeks 
No. sample at10°C at5°C ; 





Total Acids 
(g. per 100 gms.) 





0.053 0.111 0.071 0.102 

siesta 0.047 0.113 0.041 0.063 

sini ciihiaiaatiel 0.016 0.031 0.027 0.019 
Average............ 0.035 0.085 0.046 0.061 





Ascorbic Acid 
(mg. per 100 gms.) 


83.6 114.5 95.4 132.1 
156.8 149.7 137.1 153.4 
f 190.8 195.2 200.0 204.0 
Average........ ; 143.7 133.1 144.2 163.2 

















The pH of the extracts of peel ranged from 5.00 to 6.30 and those of the segments 
ranged from 3.50 to 3.75. There was no apparent change in the pH of the peel or segments 
in any of the stored lots. 

Fruits which were stored at 10° C. for 4 weeks had developed a deeper yellow color 
and appeared a little shriveled. Those stored at 5° C. for either 4 or 6 weeks came out 
of storage with essentially the same color and firmness as before storage. All stored lots 
of fruit lost weight during storage, the loss in the 10° C. lots being greater than that of 
the 5° C. lots. (See table 2). None of these losses in weight was large enough to account 
for the observed increases in ascorbic or total acids. 


TABLE 2 
Average loss of weight per fruit during storage 








Grams per day 





Experiment 
No. 4 weeks 


“3° 


0.15 
0.13 
” 0.13 
Average. oa 0.14 
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The only instance in which definite symptoms of pitting appeared was in one lot of 
Marsh seedless stored at 5° C. for six weeks during the first experiment. 


DISCUSSION 


It is not surprising that significant changes were found in the peel rather than in the 
segments because symptoms of physiological disorders of this type usually appear first 
in the peel of stored citrus fruits. Furthermore the pH of the peel (5.00 to 6.00) is closer 
to the optimum for oxidases than is that of segments (3.50 to 3.70). 

Results indicate that storage at low temperatures may cause a suboxidation in the cells 
as was suggested by Nelson. This is borne out by the accumulation of ascorbic and total 
acids. Perhaps a temperature range of 0° to 10° C. interferes with respiration to such 
an extent that the process proceeds only fast enough to cause the accumulation of substances 
which are toxic to the organism. Whether the interruption occurs within, or just before 
the Krebs cycle, is not known. Accumulation of acids in the peel lends support to the 
latter explanation. 

It should be profitable to extend these studies to include respiration rates of peel 
compared to segments and to quantitative determination of the activity of various oxidizing 
enzymes. 


SUMMARY 


Florida grapefruit were stored for four weeks at 10° C. and for four 
weeks and six weeks at 5° C. Two lots of Marsh and one of Thompson 
seedless fruits were included in these studies. At the end of the storage 


period observations were made on loss of weight and on other physical 


changes. Peel and pulp were analyzed for pH, total and ascorbic acids. 

No significant changes were observed in the constituents of the segments 
at the end of the storage periods. In general there was an increase in total 
acid of the peel in the stored grapefruit. Ascorbic acid in the peel increased 
in one lot of Marsh seedless fruits, decreased in the other, and increased in the 
peel of the Thompson seedless fruits during storage 

A possible explanation for the fundamental cause of pitting is offered 
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